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(54) Image pickup model and image pickup device 



(57) The invention provides an image pickup mod- 
ule comprising a semiconductor chip including a photo- 
sensor array, and an optical element for guiding light to 
the photosensor array, wherein the optical element in- 
cludes a imaging unit and a light shielding layer, and 
adhesive is formed in a position between the semicon- 
ductor chip and the optical element but excluding the 



position of the light shielding layer in the incident direc- 
tion of light, and the optical element and the semicon- 
ductor chip are fixed across the adhesive. The invention 
also provides an image pickup module comprising an 
optical element provided on a semiconductor chip, 
wherein the optical element includes a first lens and a 
second lens which is provided corresponding to the first 
lens. 



FIG. 1A 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to an image pick- 
up module and an image pickup device, and more par- 
ticularly to a structure of the image pickup module in 
which an imaging optical system and a semiconductor 10 
chip are integrated. 

Related Background Art 

[0002] In a conventional compact image pickup mod- * 5 
ule, an imaging lens and a semiconductor chip have 
been integrated. 

[0003] Figs. 57A and 57B show, as an example of the 
compact image pickup module, a configuration similar 
to a distance measuring module disclosed in the Japa- 20 
nese Patent Application Laid-open No. 09-027606. 
Figs. 57A and 57B show a lens member 51 and a COG 
(chip on glass) configuration 50 in which a semiconduc- 
tor chip 54 is mounted on the lower face of a glass sub- 
strate 53. The lens member 51 is molded with plastics 25 
or glass, and is provided with lenses 51 L, 51 R for form- 
ing two images for measuring the distance to the object 
by the trigonometric principle. Also the semiconductor 
chip 54 is provided with photosensor portions 57L, 57R 
consisting of one-dimensional array of photosensor el- 30 
ements, and the object lights transmitted by the lenses 
51 L, 51 R are respectively focused on the photosensor 
units 57L, 57R. 

[0004] On the upper surface of the glass substrate 53 , 
a light-shielding layer 55 of a pattern shown in Fig. 57B 35 
is printed to form a diaphragm, and, on the lower surface 
of the glass substrate 53, a light shielding/conductive 
member 56 is formed as connection terminals for the 
semiconductor chip 54 and as external terminals. 
[0005] Such COG configuration allows to dispense *o 
with the sensor package for example of plastics, and the 
integral structure with the lens allows to dispense with 
the lens barrel whereby the manufacturing cost can be 
maintained relatively low. 

[0006] On the other hand, the packaging of the sem- 45 
iconductor chip for example by wire bonding will result 
in a larger and thicker package and in a higher mounting 
cost, in comparison with the COG configuration. There- 
fore, there is proposed a technology of sealing the pho- 
tosensor unit with thermal/ultraviolet setting resin. Figs. 50 
58A to 58 H are schematic cross-sectional views show- 
ing the manufacturing steps of an image pickup module 
(semiconductor device), disclosed in the Japanese Pat- 
ent Application Laid-open No. 11-121653, wherein Fig. 
58A is a cross-sectional view of a semiconductor chip 55 
1 , and Fig. 58B is a plan view of the semiconductor chip 
1 shown in Fig. 58A, seen from below. 
[0007] More specifically in the manufacturing proc- 



ess, there is at first prepared a semiconductor chip 1 
which is provided with electrode pads (bonding pads) 2 
in the vicinity of the external periphery and with a mic- 
rolens group 3, consisting of closely packed microlens- 
es at the central portion. The electrode pads are com- 
posed for example of Al or Cr, and the microlens group 
3 is composed for example of a plastic material. The 
semiconductor chip 1 is for example a solid-state image 
pickup device including a photoelectric sensor and a 
CCD. The photoelectric sensor is for example com- 
posed of a photodiode for converting the light, received 
from the exterior through the microlens group 3, into an 
electrical signal, which is transferred by the CCD to gen- 
erate an image signal. 

[0008] For forming the microlens group 3, there is at 
first formed a plastic film, and a resist film of a predeter- 
mined pattern is formed thereon. Then heating is exe- 
cuted to round the corners of the resist film, thereby 
forming the microlenses. The semiconductor chip is pre- 
pared by an already known method. In order to achieve 
the light-condensing function of the microlens group 3, 
it is necessary, in mounting the semiconductor chip on 
the glass substrate, to form a hollow portion between 
the glass substrate and the photosensensor element of 
the semiconductor chip. 

[0009] In the following there will be explained the con- 
nection of the semiconductor chip 1 and the glass sub- 
strate, in an example of employing gold ball and con- 
ductive resin. As shown in Fig. 58C, a gold ball 4, for 
example of a size of 30 to 80 urn, is placed by a ball 
bonding apparatus on the electrode pad 2 of the semi- 
conductor chip 1 . 

[0010] Then, as shown in Fig. 58D, conductive resin 
5 is attached to the lower part of the gold ball 4. The 
conductive resin 5 can be attached to the gold ball 4 for 
example by employing a palette of which surface is en- 
tirely coated with the conductive resin 5. The conductive 
resin 5 is for example composed of silver particles dis- 
persed in epoxy resin (silver paste). 
[0011] Then, as shown in Fig. 58E, an electrode 6 of 
a transparent substrate (for example glass substrate) 7 
is brought into contact with the corresponding electrode 
pad 2 of the semiconductor chip 1 across the gold ball 
4, and heating is executed to set the conductive resin 5, 
whereby the electrode 6 of the transparent substrate 7 
and the electrode pad 2 of the semiconductor chip 1 are 
electrically connected in a predetermined route. The 
heating is executed for example under conditions of 
100°C to 200°C for 30 minutes. The electrode 6 is com- 
posed for example of Cr or Ni, and is formed on the 
transparent substrate 7 by evaporation, plating or sput- 
tering and is patterned by photolithography or etching. 
[0012] The transparent substrate 7 is composed of a 
transparent insulating material such as glass, polycar- 
bonate, polyester or capton, preferably glass. In the fol- 
lowing there will be explained an example employing a 
transparent substrate 7 composed of glass. As shown 
in Fig. 58F, a light shielding mask 14 is positioned op- 
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posed to the lower face of the glass substrate 7, and is 
irradiated with electromagnetic wave (for example ultra- 
violet light) 1 5 from below the glass substrate 7. The light 
shielding mask 14 is provided with such a predeter- 
mined pattern as to transmit the electromagnetic wave 5 
15 only in a region 13 including the microlens group 3. - 
The electromagnetic wave 15 is for example ultraviolet 
light, infrared light, visible light or X-ray, and preferably 
ultraviolet light. In the following there will be explained 
a case of employing ultraviolet light as the electromag- 
netic wave 15. Under the irradiation with the ultraviolet 
light 15, insulating thermal-ultraviolet settable resin 12 
is supplied from a capillary 11 into the gap between the 
semiconductor chip 1 and the glass substrate 7 for ex- 
ample at normal temperature. 
[0013] The thermal-ultraviolet settable resin 1 2 enters 
the gap between the semiconductor chip 1 and the glass 
substrate 7 from the end portion thereof toward the cent- 
er thereof by the capillary phenomenon. 
[0014] The thermal-ultraviolet settable resin 12 can 
be set or hardened by ultraviolet light or by heat. It flows 
in a region not subjected to the irradiation with the ultra- 
violet light 15 and is set in a region subjected to the ir- 
radiation with the ultraviolet light 15. As a result, the ther- 
mal-ultraviolet settable resin 12 is hardened at the 
boundary between the region 13 irradiated with the ul- 
traviolet light and the region not subjected to the irradi- 
ation with the ultraviolet light. 

[0015] Once the thermal-ultraviolet settable resin 12 
is hardened at such boundary, it no longer flows into the 
ultraviolet light irradiated region 13. In practice, howev- 
er, since the thermal-ultraviolet settable resin 12 re- 
quires certain time for hardening, it is hardened after 
somewhat flowing into the ultraviolet light irradiated re- 
gion 13. 

[001 6] The electrode pad 2 of the semiconductor chip 
1 and the electrode 6 of the glass substrate 7 are con- 
nected across the gold ball 4, and the thermal-ultraviolet 
settable resin 1 2 covers the electrode pad 2 and the gold 
ball 4 entirely and a part of the electrode 6. 
[0017] The supply of the thermal-ultraviolet settable 
resin 12 from the capillary 11 is terminated when it is 
sufficiently introduced into the gap between the semi- 
conductor chip 1 and the glass substrate 7. 
[001 8] The ultraviolet light irradiated region 1 3 shown 
in Fig. 58 F is a rectangular region, when seen from 
above as shown in Fig. 58H. However, the central por- 
tion of the rectangular region need not be irradiated with 
the ultraviolet light. In this manner a hollow portion 13 
is formed between the portion of the microlens group 3 
of the semiconductor chip 1 and the glass substrate 7, 
and the thermal-ultraviolet settable resin 1 2 is so formed 
as to surround such hollow portion 13. 
[0019] In such state, however, only the thermal-ultra- 
violet settable resin 1 2a present in the boundary portion 
is hardened and the thermal-ultraviolet settable resin 1 2 
is not hardened in a portion not subjected to the irradi- 
ation with the ultraviolet light 15. 



[0020] Then, as shown in Fig. 58G, heat 1 6 is applied 
in order to harden the thermal-ultraviolet settable resin 
12 in the portion not irradiated with the ultraviolet light 
15. The heating is executed for example for 5 hours at 
80°C. Thus the thermal-ultraviolet settable resin 12 is 
completely hardened by heating, in the entire area be- 
tween the semiconductor chip 1 and the glass substrate 
7. The ultraviolet hardening shown in Fig. 58F may be 
called pre-hardening while the thermal hardening 
shown in Fig. 58G may be called main hardening. The 
COG configuration is completed through the above-de- 
scribed process. 

[0021] Fig. 58G is a schematic cross-sectional view 
along a line 58G-58G in Fig. 58H, and the thermal-ul- 
traviolet settable resin 12 is so formed as to surround 
the hollow portion 13. The gold ball 4 connects the elec- 
trode pad 2 of the semiconductor chip 1 and the elec- 
trode 6 of the glass substrate 7 electrically and mechan- 
ically. However, since the mechanical connection by the 
gold ball 4 is weak, it is reinforced by the thermal-ultra- 
violet settable resin 12 present between the semicon- 
ductor chip 1 and the glass substrate 7. The thermal- 
ultraviolet settable resin 12, being electrically insulating, 
does not alter the electrical connection between the 
semiconductor chip 1 and the glass substrate 7. 
[0022] Through the above-described process, the 
photosensor unit including the microlenses is sealed by 
the transparent substrate and the thermal-ultraviolet 
settable resin, thereby being protected from dust intru- 
sion or deterioration by the humidity in the air. The mic- 
rolens is generally provided with a surface convex to the 
incident direction of light to condense the incident light 
onto the photosensor smaller than the microlens by the 
light diffraction at the air-resin or air-glass interface, 
thereby improving the light receiving efficiency of the 
photosensor. 

[0023] The aforementioned patent application also 
discloses a method of mass producing the above-de- 
scribed image pickup module. 
[0024] Fig. 59 is a plan view of the transparent sub- 
strate (for example glass substrate) 7. The glass sub- 
strate 7 has, for example, a length of 150 mm, a width 
of 150 mm and a thickness of 1 mm, and is divided into 
10x10 blocks, each having a length of 1 5 mm, a width 
of 15 mm and a thickness of 1 mm. 
[0025] 100 semiconductor chips 1 in total are mount- 
ed on the glass substrate 7 by mounting a semiconduc- 
tor chip 1 in each block. Each semiconductor chip 1 has, 
for example, a length of 8 mm and a width of 6 mm. 
[0026] Then resin is introduced between the semicon- 
ductor chips 1 and the glass substrate 7, and is pre- 
hardened for example with ultraviolet light. Then the 
glass substrate 7 is placed in an oven of 150°C for 30 
minutes to harden the resin, thereby fixing the semicon- 
ductor chips 1 to the glass substrate 7. Then the glass 
substrate 7 is cut by a cutter along block boundary lines 
43, thereby separating each image pickup module. In 
this manner there are completed 100 image pickup 
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modules. 

[0027] Fig. 60 is a perspective view of a conventional 
image pickup module employing a distributed refractive 
index lenses. 

[0028] A photosensor unit 60 is formed on a semicon- 
ductor chip 61 composed for example of a silicon sub- 
strate. Plural lens units 62 are provided in an array on 
a same plane, and are composed of distributed refrac- 
tive index lenses 62A to 62L. They are provided on an 
image pickup plane 60A of the photosensor unit 60 in 
such a manner that they are in contact at the exit end 
faces thereof with the image pickup plane 60 A, whereby 
the light transmitted by the plural lens units 60 is sup- 
plied to the image pickup plane 60A. The distributed re- 
fractive index lenses 62A to 62L have respectively dif- 
ferent distribution of the refractive index to have different 
focal lengths or different focal positions, whereby image 
data corresponding to plural focal positions of the ob- 
jects can be simultaneously generated. 
[0029] Such configuration, as in the case of the COG 
configuration, allows to dispense with the sensor pack- 
age such as of plastics and the integrated lens structure 
allows to dispense with the lens barrel, whereby the 
manufacturing cost can be maintained relatively low. 
[0030] However, the manufacture of the lens-integrat- 
ed image pickup module according to the above-de- 
scribed conventional technologies has been associated 
with the following drawbacks. 

(Technical drawback 1) 

[0031] The configuration shown in Figs. 57A, 57B and 
60 allows to obtain an image pickup module without re- 
quiring the sensor package, but, since the photosensor 
unit is not sealed, it is difficult to prevent dust intrusion 
or deterioration or the microlenses or the filter layer by 
the humidity in the air. Besides, the sealing technology 
utilizing the thermal-ultraviolet settable resin, explained 
in Figs. 58A to 58H, is not applicable in the configuration 
shown in Figs. 57Aand 57B, since a light shielding layer 
55 covers the entire surface of the semiconductor chip 
and intercepts the light from the front side thereof. 
[0032] Also the step of coupling the imaging lenses 
and the semiconductor chip necessitates active assem- 
bly thereof, involving many adjusting steps. 
[0033] Furthermore, even if the plural imaging lenses 
are integrated on the glass substrate 7 shown in Fig. 59, 
there is still required precise alignment of the imaging 
lenses with the corresponding semiconductor chip, so 
that many adjusting steps are still unavoidable. 
[0034] Also an ITO film has to be formed on the glass 
substrate for connection with the external electrical cir- 
cuit, resulting in a disadvantage in cost. 
[0035] In consideration of such technical drawback 1 , 
an object of the present invention is to provide an image 
pickup module of integrated imaging lens type, enabling 
easy sealing of the photosensor unit. 
[0036] Another object of the present invention is to 



simplify the alignment step of the imaging lens and the 
semiconductor chip, thereby providing an inexpensive 
high-performance image pickup module of integrated 
imaging lens type. 

5 

(Technical drawback 2) 

[0037] The image pickup module shown in Fig. 57A 
is deficient in the optical performance for use as an im- 

10 age pickup optical system, since the imaging lens is 
composed solely of a single lens 51 . Though it is con- 
ceivable to increase the number of lenses or of faces 
having lens function, but such increase will increase the 
dimension of the image pickup optical system. Also a 

15 similar drawback is encountered in case the image pick- 
up optical system is composed of distributed refractive 
index lenses. 

[0038] In consideration of such technical drawback 2, 
an object of the present invention is to provide an image 
20 pickup module of integrated lens type with improved im- 
age pickup performance and an image pickup device 
provided with such image pickup module. 

SUMMARY OF THE INVENTION 

[0039] The aforementioned technical drawback 1 can 
be resolved, according to the present invention, by an 
image pickup module comprising a semiconductor chip 
including a photosensor array and an optical element 
for guiding light to the photosensor array, wherein the 
optical element includes a imaging unit and a light 
shielding layer, and an adhesive is formed in a position 
between the semiconductor chip and the optical ele- 
ment but outside the light shielding layer in the incident 
direction of the light, and the optical element and the 
semiconductor chip are fixed through the adhesive. 
[0040] Also the aforementioned technical drawback 2 
can be resolved, according to the present invention, by 
an image pickup module comprising an optical element 
provided on a semiconductor chip, wherein the optical 
element includes a first lens and a second lens and the 
second lens is provided corresponding to the second 
lens. 

[0041] According to the present invention, there is al- 
so provided an image pickup module comprising a sem- 
iconductor chip including a photosensor array and an 
optical element for guiding light to the photosensor ar- 
ray, wherein the optical element includes a light shield- 
ing layer, a first lens and a second lens corresponding 
to the first lens, and adhesive is formed between the 
semiconductor chip and the optical element but outside 
the light shielding layer in the incident direction of the 
light, and the optical element and the semiconductor 
chip are fixed through the adhesive. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0042] 

Fig . 1 A is a schematic cross-sectional view showing 
the configuration of an image pickup module con- 
stituting an embodiment 1 of the present invention; 
Fig. 1 B is a schematic cross-sectional view showing 
another configuration of the image pickup module 
of the present invention; 

Fig. 2A is a plan view of an upper substrate consti- 
tuting the optical element of the image pickup mod- 
ule of the embodiment 1 of the present invention; 
Fig. 2 B is a plan view of a lower substrate constitut- 
ing the optical element of the image pickup module 
of the embodiment 1 of the present invention; 
Fig. 2C is a plan view of a semiconductor chip of 
the image pickup module of the embodiment 1 of 
the present invention; 

Fig. 3 is a schematic cross-sectional view of the 
semiconductor chip along a line 3-3 in Fig. 2C; 
Fig. 4 is a schematic cross-sectional view showing 
the light incident direction to the image pickup mod- 
ule of the embodiment 1 of the present invention; 
Fig. 5 is a plan view of an upper substrate assembly 
in a manufacturing process for the image pickup 
module of the embodiment 1 of the present inven- 
tion; 

Fig. 6 is a plan view of a lower substrate assembly 
in the manufacturing process for the image pickup 
module of the embodiment 1 of the present inven- 
tion; 

Fig. 7 is a plan view of a semiconductor wafer in the 
manufacturing process forthe image pickup module 
of the embodiment 1 of the present invention; 
Fig. 8 is a schematic cross-sectional view of an ad- 
hesive hardening step in the manufacturing process 
for the image pickup module of the embodiment 1 
of the present invention; 

Fig. 9A is a plan view showing a step of separating 
an image pickup module from an optical element- 
semiconductor wafer adjoined member in the man- 
ufacturing process for the image pickup module of 
the embodiment 1 of the present invention; 
Fig. 9B is a schematic cross-sectional view along a 
line 9B-9B in Fig. 9A; 

Fig. 10 is a pian view showing two convex lenses 
formed on the upper substrate assembly; 
Fig. 1 1 is a schematic cross-sectional view showing 
a dicing step forthe optical element-semiconductor 
wafer adjoined member in the manufacturing proc- 
ess for the image pickup module of the embodiment 
1 of the present invention; 
Fig. 12 is a schematic cross-sectional view of an 
image pickup module in an embodiment 2 of the 
present invention; 

Fig. 13A is a plan view of a lower substrate consti- 
tuting the optical element of the image pickup mod- 



ule of the embodiment 2 of the present invention; 
Fig. 13B is a plan view of a semiconductor chip of 
the image pickup module of the embodiment 2 of 
the present invention; 

5 Fig. 14 is a plan view of the semiconductor wafer in 
a step of adjoining the optical element assembly 
and the semiconductor wafer in the manufacturing 
process for the image pickup module of the embod- 
iment 2 of the present invention; 

10 Fig. 15A is a plan view showing a lower substrate 
in an image pickup module of an embodiment 3 of 
the present invention; 

Fig. 15B is a plan view showing a semiconductor 
chip in the image pickup module of the embodiment 
is 3 of the present invention; 

Fig. 16 is a plan view of a lower substrate assembly 
in a manufacturing process for the image pickup 
module of the embodiment 3 of the present inven- 
tion; 

20 Fig. 17 is a plan view of a semiconductor wafer in 
the manufacturing process for the image pickup 
module of the embodiment 3 of the present inven- 
tion; 

Fig. 18 is a plan view of an upper substrate assem- 
25 bly in the manufacturing process for the image pick- 
up module of the embodiment 3 of the present in- 
vention; 

Fig. 19 is a schematic cross-sectional view along a 
line 19-19 in Fig. 18; 

30 Fig. 20 is a schematic cross-sectional view showing 
a dicing step for the optical element-semiconductor 
wafer adjoined member in the manufacturing proc- 
ess forthe image pickup module of the embodiment 
3 of the present invention; 

35 Fig. 21 is a plan view of the image pickup module 
of the embodiment 3 of the present invention; 
Fig. 22 is a schematic cross-sectional view along a 
line 22-22 in Fig. 21; 

Fig. 23 is a schematic cross-sectional view showing 

^o sealed state and connection state of the image pick- 
up module of the embodiment 3 of the present in- 
vention with an external electrical circuit; 
Fig. 24 is a schematic cross-sectional view showing 
a step of ultraviolet irradiation to the optical ele- 

45 ment-semiconductor wafer adjoined member in the 
manufacturing process forthe image pickup module 
of an embodiment 4 of the present invention; 
Fig. 25 is a schematic cross-sectional view of the 
image pickup module of the embodiment 4 of the 

so present invention; 

Fig. 26A is a plan view of an image pickup module 
of an embodiment 5 of the present invention; 
Fig. 26B is a schematic cross-sectional view along 
a line 26B-26B in Fig. 26A; 

55 Fig. 26C is a plan view of a semiconductor chip con- 
stituting the image pickup module of the embodi- 
ment 5 of the present invention; 
Fig. 27 is a magnified schematic cross-sectional 
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view of a region Z in Fig. 26C; 
Fig. 28 is a view showing the positional relationship 
between the object images of stereoscopic lenses 
provided in the image pickup module of the embod- 
iment 5 of the present invention and image pickup 5 
areas; 

Fig. 29 is a view showing the positional relationship 
of the pixels when the image pickup areas shown 
in Fig. 28 are projected; 

Fig. 30 is a plan view showing a spacer assembly 10 
mounted in the image pickup module of the embod- 
iment 5 of the present invention; 
Fig. 31 is a plan view of a semiconductor wafer in 
the manufacturing process for the image pickup 
module of the embodiment 5 of the present inven- 15 
tion; 

Fig. 32 is a plan view showing a step of adhering 
the spacer assembly to the semiconductor wafer in 
the manufacturing process for the image pickup 
module of the embodiment 5 of the present inven- 20 
tion; 

Fig. 33 is a chart showing the spectral transmission 
characteristics of an infrared cut-off filter; 
Fig. 34 is a plan view showing a step of adhering 
the stereoscopic optical element assembly and the 25 
semiconductor wafer, prior to the separation of the 
stereoscopic optical element for each image pickup 
module, in the manufacturing process for the image 
pickup module of the embodiment 5 of the present 
invention; 30 
Fig. 35 is a schematic cross-sectional view showing 
a dicing step for the semiconductor wafer with a dic- 
ing blade in the manufacturing process for the im- 
age pickup module of the embodiment 5 of the 
present invention; 35 
Fig. 36 is a schematic cross-sectional view showing 
sealed state and connection state of the image pick- 
up module of the embodiment 5 of the present in- 
vention with an external electrical circuit; 
Fig. 37 is a schematic cross-sectional view an im- 40 
age pickup module of an embodiment 6 of the 
present invention; 

Fig. 38 is a schematic cross-sectional view showing 
a step of ultraviolet irradiation to the optical ele- 
ment-semiconductor wafer adjoined member in a 
manufacturing process for the image pickup module 
of the embodiment 6 of the present invention; 
Fig. 39 is a plan view of an optical element assembly 
constituting the image pickup module of the embod- 
iment 6 of the present invention; 50 
Fig. 40A is a plan view of an image pickup module 
of an embodiment 7 of the present invention; 
Fig. 40 B is a schematic cross-sectional view along 
a line 40B-40B in Fig. 40A; 

Fig. 41 is a plan view of a lower substrate of the 55 
image pickup module of the embodiment 7 of the 
present invention; 

Fig. 42 is a plan view of a semiconductor chip in the 



image pickup module of the embodiment 7 of the 
present invention; 

Fig. 43 is magnified schematic cross-sectional view 
of a region z in Fig. 42, showing the function of mi- 
crolenses in the image pickup module of the em- 
bodiment 7 of the present invention; 
Fig. 44 is a view showing the positional relationship 
between the photosensor array of the semiconduc- 
tor chip and the object image in the image pickup 
module of the embodiment 7 of the present inven- 
tion; 

Fig. 45 is a view showing the function of the photo- 
sensor array of the image pickup module of the em- 
bodiment 7 of the present invention; 
Fig. 46 is a schematic cross-sectional view showing 
sealed state and connection state of the image pick- 
up module of the embodiment 7 of the present in- 
vention with an external electrical circuit; 
Fig. 47 is a schematic cross-sectional view showing 
another configuration of the image pickup module 
of the embodiment 7 of the present invention; 
Fig. 48 is a plan view of an upper substrate assem- 
bly in the manufacturing process for the image pick- 
up module of the embodiment 7 of the present in- 
vention; 

Fig. 49 is a plan view of a lower substrate assembly 
in the manufacturing process for the image pickup 
module of the embodiment 7 of the present inven- 
tion; 

Fig. 50 is a plan view of a semiconductor wafer in 
the manufacturing process for the image pickup 
module of the embodiment 7 of the present inven- 
tion; 

Fig. 51 is a schematic cross-sectional view of a step 
for separating an image pickup module from an op- 
tical element-semiconductor wafer adjoined mem- 
ber in the manufacturing process for the image pick- 
up module of the embodiment 7 of the present in- 
vention; 

Fig. 52 is a plan view of an image pickup module of 
an embodiment 8 of the present invention; 
Fig. 53 is a schematic cross-sectional view of the 
image pickup module along a line 53-53 in Fig. 52; 
Figs. 54A, 54B and 54C are views showing a digital 
color camera provided with the image pickup mod- 
ule of the present invention; 
Fig. 55 is a schematic cross-sectional view of the 
digital color camera along a line 55-55 in Figs. 54A 
to 54C; 

Fig. 56 is a block diagram of a still video camera in 
which the image pickup module of the present in- 
vention is applied; 

Fig. 57A is a schematic cross-sectional view of a 
conventional image pickup module; 
Fig. 57B is a plan view showing a light shielding 
member in the conventional image pickup module; 
Figs. 58A, 58B, 58C, 58D, 58E, 58F, 58G and 58H 
are schematic cross-sectional views showing man- 
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ufacturing steps of the conventional image pickup 
module; 

Fig. 59 is a plan view of a conventional transparent 
substrate (glass substrate) provided with plural 
semiconductor chips; and 
Fig. 60 is a perspective view of a conventional im- 
age pickup module employing distributed refractive 
index lenses. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0043] Now the present invention will be clarified in 
detail by embodiments thereof, with reference to accom- 
panying drawings. 

(Embodiment 1 ) 

[0044] Fig. 1 A is a schematic cross-sectional view 
showing the configuration of an image pickup module 
constituting an embodiment 1 of the present invention, 
and Fig. 1 B is a schematic cross-sectional view showing 
another configuration of the image pickup module of the 
present invention. 

[0045] Referring to Figs. 1 A and 1 B, there are shown 
an upper substrate 101 having a convex lens 100 as a 
imaging unit, a lower substrate 102, a light shielding di- 
aphragm layer 103 composed of a light shielding mem- 
ber formed on the upper surface of the lower substrate 
102 for example by offset printing, a semiconductor chip 
104 bearing two-dimensionally pixels (not shown) in- 
cluding photosensor elements, adhesive 105 for adher- 
ing the lower substrate 1 02 and the semiconductor chip 
104, a planar resin portion 180 formed around the con- 
vex lens 100, a diaphragm aperture 200 defined by the 
absence of the light shielding diaphragm layer 103 on 
the upper surface of the lower substrate 102, and an 
optical element 1 07 formed by adhering the upper sub- 
strate 101 and the lower substrate 102. 
[0046] In Fig. 1 B, the planar resin portion 1 80 avoids 
the deterioration of the facial precision of the convex 
lens 100 in the peripheral portion thereof. The planar 
resin portion 1 80 does not reach the end face of the up- 
per substrate 1 00, and is not therefore cut by the dicing 
blade in a dicing step to be explained later. The resin is 
therefore prevented from deposition onto the lens by fu- 
sion by frictional heat with the dicing blade or by forming 
fine fragments or carbon particles, thereby being pre- 
vented from deteriorating the quality of the image pickup 
module. 

[0047] In the present embodiment, there will be ex- 
plained the configuration shown in Fig. 1 A as an exam- 
ple. 

[0048] In the optical element 1 07, in adhering the up- 
per substrate 101 and the lower substrate 102 with 
transparent adhesive, the adhesion is so executed as 
not form a gap, thus avoiding formation of an interface 
between the air and the upper substrate 1 01 or the lower 



substrate 102, thereby advantageously preventing 
ghost image formation. 

[0049] The upper substrate 101 and the lower sub- 
strate 102 are composed of glass or transparent resin, 

s and are formed by glass molding in case of glass, or by 
injection molding or compression molding in case of 
transparent resin. The upper substrate 101 may also be 
formed by adding, to a fiat glass substrate, a resinous 
lens unit formed by a replica process. The lower sub- 
to strate 102 is preferably composed of borosilicate glass 
in consideration of stability against temperature change, 
because of a small difference in the linear dilatation co- 
efficient from the semiconductor chip 104. Also in order 
to prevent the cc-ray induced defect in the semiconduc- 

15 tor chip 1 04, the upper substrate 1 01 and the lower sub- 
strate 1 02 are both preferably composed of optical glass 
of a low surfacial a-ray density, and the lower substrate 
1 02 closer to the semiconductor chip 1 04 preferably has 
a surfacial a-ray density lower than in the upper sub- 

20 strate 101. 

[0050] Fig. 2A is a plan view showing the upper sub- 
strate 101 constituting the optical element 107 of the im- 
age pickup module, while Fig. 2B is a plan view showing 
the lower substrate 102 constituting the optical element 

25 107, Fig. 2C is a plan view of the semiconductor chip 
104, and Fig. 3 is a schematic cross-sectional view 
thereof along a line 3-3 in Fig. 2C. Also Fig. 4 is a sche- 
matic cross-sectional view showing the incident direc- 
tion of light entering the image pickup module of the 

30 present invention. 

[0051] Referring to Figs. 2A, 2B and 2C, there are 
shown a transparent area 1021 other than the dia- 
phragm aperture 200 in the peripheral portion of the light 
shielding diaphragm layer 103, and a penetrating metal 

35 member 106 which penetrates the semiconductor chip 
104 for electrically connecting a surfacial electrode on 
a principal surface thereof with a surfacial electrode on 
the other principal surface thereof. 
[0052] The image pickup module shown in Fig . 1 A has 

^o a configuration in which the optical element 1 07 and the 
semiconductor chip 104 are integrated to dispense with 
the sensor package or the lens barrel. 
[0053] The object light entering the optical element 
1 07 from above in Fig. 1 A forms an object image on the 

45 semiconductor chip 1 04. 

[0054] The optical element 1 07 is a translucent plate- 
shaped member formed by adhering the upper sub- 
strate 101 and the lower substrate 102. 
[0055] The convex lens 1 00 is an axially symmetrical 

so aspherical or spherical lens of a circular shape as shown 
in Fig. 2A. The position of the diaphragm aperture 200 
in the axial direction determines the off-axis principal ray 
of the optical system, and is extremely important in con- 
trolling various aberrations. In case of a lens including 

55 a single face convex to the object side, in the absence 
of a thick air layer between the convex lens 100 and the 
semiconductor chip 104, the diaphragm is preferably 
placed in a position between the convex lens 100 and 
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the semiconductor chip 104 and dividing the distance 
therebetween approximately in a ratio 1:2, in order to 
satisfactorily correct the aberrations. Thus, as shown in 
Fig. 2B, a circular diaphragm aperture 200 coaxial with 
the convex lens 1 00 is formed by the light shielding layer 5 
103 of the lower substrate 102. 
[0056] The transparent area 1 021 is formed because 
the range of the light shielding diaphragm layer 103 
formed on the lower substrate 102 is limited in order to 
harden adhesive 1 05 to be explained later, by ultraviolet 
irradiation. 

[0057] More specifically, the presence of the transpar- 
ent area 1021 enables hardening of the adhesive 105 
shown in Fig. 2C by the ultraviolet irradiation from the 
front side of the semiconductor chip 104 (in a direction 
A in Fig. 4). In the present specification, the irradiation 
from the front side of the semiconductor chip 1 04 means 
irradiation from the direction A. 
[0058] The light shielding diaphragm layer 103 is 
formed by evaporating or sputtering a thin film of in- 
conel, chromel or chromium. In the sputtering process, 
the transmittance can be arbitrarily controlled as in a 
printing process, by continuous position control of a 
shield. 

[0059] Besides, it is possible to control the MTF of the 
imaging system by controlling the transmittance within 
the diaphragm aperture 200 as a function of the distance 
from the optical axis. In the present embodiment, the 
transmittance is so selected as to monotonously in- 
crease from the peripheral portion to the center in order 
to reduce the folding distortion resulting from discrete 
sampling by the photosensor array 300, thereby partic- 
ularly improving the response in the low spatial frequen- 
cies and suppressing the response in the high spatial 
frequencies. 

[0060] On the semiconductor chip 1 04, the optical el- 
ement 107 forms objects images, which are subjected 
to photoelectric conversion by the photosensor array 
300 to generate an electrical signal. The photosensor 
array 300 is composed of a two-dimensional array of 
plural pixels, which may be provided with color filters or 
with so-called Bayer's RGB filter arrangement for cap- 
turing a color image. Also in order to achieve infrared 
cut-off function, an infrared absorbing element such as 
copper ions may be contained in either or both of the 
upper and lower substrates 101 , 102. 
[0061] In the image pickup module shown in Fig. 1 A, 
the electrical connection with an external electrical cir- 
cuit is executed by rear electrodes since the semicon- 
ductor chip 104 is provided thereon with the optical el- 
ement 1 07 of a projected shape same as that of the sem- 
iconductor chip 1 04. 

[0062] In the present embodiment, as an example of 
such configuration, the penetrating metal member 106 
penetrating the semiconductor chip 104 connects the 
surfacial electrode on a principal surface of the semi- 
conductor chip 104 with the surfacial electrode on the 
other principal surface thereof. 



[0063] The optical element 1 07 and the semiconduc- 
tor chip 104 are adhered by adhesive 105, which can 
be ultraviolet settable resin or thermal-ultraviolet setta- 
ble resin. The adhesive 105 is more preferably thermal- 
ultraviolet settable resin of sealant type because of ease 
of thickness control. An example of the thermal-ultravi- 
olet settable resin is epoxy resin mentioned above. In 
the present embodiment, the adhesive 105 is a sealant 
formed by screen printing of the thermal-ultraviolet set- 
table epoxy resin. The thermal-ultraviolet settable epoxy 
resin can be hardened by heating or by ultraviolet irra- 
diation. The epoxy resin is suitable for this application 
because it shows slow hardening without unevenness 
in the contraction at the hardening and shows relaxation 
of the stress. Though there is known adhesive of a type 
settable by heating, sufficient heating for hardening the 
thermally settable epoxy resin may deteriorate the un- 
represented color filters, replica portion, microlenses or 
printed paint of the light shielding diaphragm layer 103 
formed on the semiconductor chip 104, so that the ul- 
traviolet or thermal/ultraviolet settable resin is more 
preferable. 

[0064] The adhesive may be applied not only by 
screen printing but also by other printing or coating. 
[0065] The adhesion step is executed by placing the 
optical element 107 on the semiconductor chip 104, 
then half hardening the adhesive 105 with ultraviolet ir- 
radiation, then executing complete hardening by press- 
ing and applying some heat, and adjusting the gap be- 
tween the optical element 107 and the semiconductor 
chip 104 in such a manner that the object image is 
sharply formed on the photosensor array 300. 
[0066] The image forming position can be adjusted 
without requiring a large force, since the gap between 
the optical element 1 07 and the semiconductor chip 1 04 
is not completely filled with the resin. 
[0067] In such operation, since the transparent area 
1021 is formed around the light shielding layer 103 in 
the lower substrate 102 as explained in the foregoing, 
the adhesive 105 can be easily and securely hardened 
by the ultraviolet irradiation from the front side of the 
semiconductor chip (direction A). The transparent area 
1021 is only required to be transparent to the ultraviolet 
light and may be opaque to the light of other wave- 
lengths. 

[0068] As the adhesive 105 is formed across the 
transparent area 1021 in the incident direction of the 
light as explained in the foregoing, there is provided an 
image pickup module capable of easily sealing the pe- 
ripheral area of the photosensor array. It is therefore ren- 
dered possible to prevent deterioration of the microlens- 
es or the filter layer or electroerosion of the aluminum 
layer resulting from the dust intrusion or from the humid- 
ity in the air. 

[0069] In the following there will be explained a meth- 
od of mass production of the image pickup module 
shown in Fig. 1A, with reference to Figs. 5 to 11. 
[0070] The method is featured in that the optical ele- 
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ment 107 and the semiconductor chip 104 are adjoined 
in a state of an optical element assembly and a semi- 
conductor wafer prior to the cutting thereof. In the 
present specification, the upper substrate 101 and the 
lower substrate 102 constituting an image pickup mod- 
ule are called an optical element 107, and a stage prior 
to the separation into the respective optical element 1 07 
constituting an image pickup module is called an optical 
element assembly. Similarly a stage prior to the sepa- 
ration into the respective upper substrate 101 is called 
an upper substrate assembly, and a stage prior to the 
separation into the respective lower substrate 102 is 
called a lower substrate assembly. Consequently, the 
optical element assembly is a large translucent plate- 
shaped member having an adjoined structure com- 
posed of the upper substrate assembly and the lower 
substrate assembly. 

[0071] Fig. 5 is a plan view of the upper substrate as- 
sembly in the manufacturing process of the image pick- 
up module in the embodiment 1 of the present invention, 
while Fig. 6 is a plan view of the lower substrate assem- 
bly in the manufacturing process of the image pickup 
module in the embodiment 1 of the present invention, 
Fig. 7 is a plan view of the semiconductor wafer in the 
manufacturing process of the image pickup module in 
the embodiment 1 of the present invention, and Fig. 8 
is a schematic cross-sectional view of an adhesive hard- 
ening step in the manufacturing process of the image 
pickup module in the embodiment 1 of the present in- 
vention. Also Fig. 9A is a plan view showing a step of 
separating an image pickup module from an optical el- 
ement-semiconductor wafer adjoined member in the 
manufacturing process of the image pickup module in 
the embodiment 1 of the present invention, while Fig. 
9B is a schematic cross-sectional view along a line 9B- 
9B in Fig. 9A, and Fig. 10 is a plan view showing the 
upper substrate assembly with two convex lenses 
formed thereon. 

[0072] Fig. 5 shows an upper substrate assembly 117; 
Fig. 6 shows a lower substrate assembly 114 and a 
transparent area 1141 around the light shielding dia- 
phragm layer 1141 ; Fig. 7 shows a semiconductor wafer 
110, an orientation flat 109 thereof and a boundary line 
111 of the adjacent semiconductor chips; and Fig. 8 
shows an optical element assembly 119 formed by ad- 
joining the upper substrate assembly 117 and the lower 
substrate assembly 114. 

[0073] In the lower substrate assembly 114 shown in 
Fig. 5, as the external shape of the light shielding dia- 
phragm layer 103 is limited in an island-like shape for 
the purpose of hardening the ultraviolet settable resin 
constituting the adhesive to be explained later, the trans- 
parent area 1141 is formed around the light shielding 
diaphragm layer 113. 

[0074] The position of the diaphragm aperture 200 in 
the axial direction determines the off-axis principal ray 
of the optical system and is extremely important in con- 
trolling various aberrations. In case of a lens including 



a single face convex to the object side, in the absence 
of an air layer between the convex lens 100 and the 
semiconductor wafer 110 to be explained later, the ab- 
errations can be satisfactorily corrected by placing the 

5 diaphragm in a position between the convex lens 100 
and the semiconductor wafer 110 and dividing the dis- 
tance therebetween approximately in a ratio 1 :2. Thus, 
a diaphragm aperture 200 coaxial with the convex lens 
1 00 is formed by the light shielding layer 1 03 of the lower 

10 substrate assembly 1 04. 

[0075] The upper substrate assembly 117 and the 
lower substrate assembly 114 are composed of glass or 
transparent resin, and are formed by glass molding in 
case of glass, or by injection molding or compression 

15 molding in case of transparent resin. The upper sub- 
strate assembly 117 may also be formed by adding, to 
a flat glass substrate, a resinous lens unit formed by a 
replica process. The lower substrate assembly 114 is 
preferably composed of borosilicate glass in considera- 

20 tion of stability against temperature change, because of 
a small difference in the linear dilatation coefficient from 
the semiconductor wafer. Also in order to prevent the ot- 
ray induced defect in the semiconductor wafer, the up- 
per substrate assembly 1 1 7 and the lower substrate as- 

25 sembly 114 are both preferably composed of optical 
glass of a low surfacial oc-ray density, and the lower sub- 
strate closer to the semiconductor wafer preferably has 
a surfacial cc-ray density lower than in the upper sub- 
strate 101. 

30 [0076] The upper substrate assembly 117 and the 
lower substrate assembly 114 are adhered with trans- 
parent adhesive so as not to form a gap therebetween 
and not to form an interface between the air and the sub- 
strate, thereby preventing ghost image formation. 

35 [0077] The convex lens 1 00 and the diaphragm aper- 
ture 200 are provided in plural units on the respective 
substrates, and are preferably in a coaxial relationship 
upon adjoining of the substrates. Also the pitch of such 
convex lenses or such apertures is preferably equal to 
the pitch of the semiconductor chips formed on the sem- 
iconductor wafer. 

[0078] On the other hand, Fig. 7 is a plan view of the 
semiconductor wafer. The semiconductor wafer 110 
shown in Fig. 7 is provided with a photosensor array and 

45 an unrepresented circuit in plural units, which are sep- 
arated by cutting along the boundary lines 111 and are 
connected to the external electric circuits, whereby each 
separated unit functions as a semiconductor chip 104. 
In Fig. 7, arrows indicate the position and moving direc- 

50 tion of a dicing blade in a dicing step to be executed later. 
[0079] On the semiconductor wafer 1 1 0, an object im- 
age is formed for each convex lens 100 in the optical 
element assembly 119, and is subjected to photoelectric 
conversion by the photosensor array provided in the 

55 semiconductor chip to generate an electrical signal. 
[0080] On the semiconductor chip 1 04, the optical el- 
ement 107 forms objects images, which are subjected 
to photoelectric conversion by the photosensor array 
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300 to generate an electrical signal. The photosensor 
array 300 is composed of a two-dimensional array of 
plural pixels, which may be provided with color filters or 
with so-called Bayer's RGB filter arrangement for cap- 
turing a color image. Also in order to achieve infrared 5 
cut-off function, an infrared absorbing element such as 
copper ions may be preferably contained in either or 
both of the upper and lower substrate assemblies 117, 
114. 

[0081] As shown in Fig. 8, the optical element assem- 
bly 119 and the semiconductor wafer 110 are adhered 
after the convex lens 100 constituting the imaging unit 
and the unrepresented photosensor array 300 are 
aligned in a predetermined relationship. 
[0082] The semiconductor wafer 110, being crystal- 
line, has anisotropy in electrical, optical, mechanical and 
chemical properties. Therefore the drawn ingot is sliced 
after highly precise measurement of the orientation by 
a method utilizing X-ray diffraction. Prior to the slicing 
operation, a linear portion, called orientation flat and in- 
dicating the crystalline orientation, is formed on the cy- 
lindrical ingot. The semiconductor wafer 110 shown in 
Fig. 7 is provided with such orientation flat 109. 
[0083] In the preparation step of the semiconductor 
wafer, the semiconductor element patterns such as the 
photosensor array 300 are formed with reference to the 
orientation flat 109. On the other hand, on the optical 
element assembly 1 1 9, for example a reference pattern 
for the printing of the light shielding diaphragm layer 1 03 
is formed on the lower substrate assembly 114 and is 
used for the alignment with the orientation flat 109, 
thereby enabling extremely precise alignment. Besides, 
such method provides an extremely important advan- 
tage that a single alignment of the optical element as- 
sembly 1 1 9 and the semiconductor wafer 1 1 0 completes 
the alignment on all the image pickup modules to be 
formed by the cutting in a later step. 
[0084] The adhesive 105 shown in Fig. 7 is formed by 
screen printing of the thermal-ultraviolet settable epoxy 
resin. A sealant of epoxy resin as in the present embod- 
iment is more preferable as it enables easy thickness 
control. The epoxy resin is suitable for this application 
because it shows slow hardening without unevenness 
in the contraction at the hardening and shows relaxation 
of the stress. Though there is known adhesive of a type 
settable by heating, sufficient heating for hardening the 
thermally settable epoxy resin may deteriorate the un- 
represented color filters, replica portion, microlenses or 
printed paint of the light shielding diaphragm layer 1 03, 
so that the ultraviolet or thermal/ultraviolet settable resin 
is more preferable. 

[0085] The adhesion step is executed by placing the 
optical element assembly 1 1 9 on the semiconductor wa- 
fer 110, then half hardening the epoxy resin constituting 
the adhesive 105 with ultraviolet irradiation, then exe- 
cuting complete hardening by pressing and applying 
some heat, and adjusting the gap between the optical 
element assembly 11 9 and the semiconductor wafer 1 1 0 



in such a manner that the object image is sharply formed 
on the photosensor array 300. 
[0086] In such operation, since the transparent area 
1141 is formed around the light shielding layer 103 in 
the lower substrate assembly 114 as explained in the 
foregoing, the epoxy resin adhesive 105 can be easily 
and securely hardened by the ultraviolet irradiation from 
the front side of the semiconductor wafer (direction C). 
The fixation by adhesion in the stage of the semicon- 
ductor wafer may also provide an effect of preventing a 
deviated blur in the optical image. The transparent area 
1141 is only required to be transparent to the ultraviolet 
light and may be opaque to the light of other wave- 
lengths. 

[0087] After the fixation of the optical element assem- 
bly 119 and the semiconductor wafer 110, the obtained 
optical element-semiconductor wafer adjoined member 
is subjected to a dicing step for cutting such member 
into individual image pickup modules. 
[0088] In the following there will be explained this step 
with reference to Figs. 9A and 9B. 
[0089] The dicing operation of a semiconductor wafer, 
a glass substrate or a resin substrate can be executed 
for example with a cutting apparatus or a laser working 
apparatus disclosed in the Japanese Patent Application 
Laid-open No. 11-345785 or the Japanese Patent Pub- 
lication No. 2000-061677. In case of cutting operation 
with a dicing blade as explained in the foregoing, a dic- 
ing blade 123 shown in Fig. 9B is controlled along ar- 
rows B shown in Fig. 9A, under cooling with cooling wa- 
ter. In the actual cutting operation, the cutting may be 
executed by advancing the optical element-semicon- 
ductor wafer adjoined member or by simultaneous cut- 
ting of the adjoined member with plural dicing blades. 
[0090] In the dicing operation, there is utilized a dicing 
mark which can be a groove formed by etching on the 
lower substrate assembly 1 1 4 or the upper substrate as- 
sembly 117, a metal mark formed by photolithography 
or a resinous protrusion formed by a replica process. In 
particular, the simultaneous replica formation of such 
mark with the lens constituting the imaging unit allows 
to reduce the manufacturing steps. 
[0091] In the dicing step of the optical element-semi- 
conductor wafer adjoined member, there is executed 
half-cut dicing in which the semiconductor wafer 110 is 
left uncut by a thickness of 50 to 100 ^im. Since the ad- 
hesive 105 for adhering the semiconductor wafer 110 
and the optical element assembly 119 is provided ex- 
cluding the dicing position of the semiconductor wafer 
110, the adhesive is prevented from deposition onto the 
lens by fusion by frictional heat with the dicing blade or 
by forming fine fragments or carbon particles, thereby 
being prevented from deteriorating the quality of the im- 
age pickup module. 

[0092] Also the use of a laser working apparatus in 
the dicing operation of the semiconductor element al- 
lows to suppress the generation of glass particles, there- 
by improving the production yield. It is also possible to 
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introduce the dicing blade from the side of the semicon- 
ductor wafer 110 as shown in Fig. 11 and to execute 
half-cut dicing in which the upper substrate assembly 
117 is left uncut by a thickness of 50 to 100 urn. 
[0093] In a breaking step succeeding to the dicing 5 
step, the uncut portion of 50 to 100 um in the semicon- 
ductor wafer 110 or the upper substrate assembly 117 
is broken with predetermined rollers. 
[0094] The image pickup module obtained by cutting 
in the foregoing steps is same as that of the configura- 
tion shown in Fig. 1 A. The electrical connection with the 
external electrical circuit may be achieved, as explained 
in the foregoing, by the rear electrode connected with 
the penetrating metal member shown in Fig. 3. 
[0095] The optical element assembly need not nec- 
essarily be provided with the optical elements of a 
number same as that of the semiconductor chips formed 
on the semiconductor wafer. For example, the optical 
element assembly 151 shown in Fig. 10 is provided with 
two convex lenses 150a, 150b on the upper substrate 
150 while the semiconductor wafer 110 shown in Fig. 7 
is provided with 16 optical element assemblies 150, and 
the succeeding dicing step cuts each into two optical el- 
ements to eventually obtain 32 image pickup elements. 
[0096] By forming the optical elements on the optical 
element assembly in a number smaller than that of the 
semiconductor chips formed on the semiconductor wa- 
fer and forming a certain gap between the optical ele- 
ments, the positional relationship between the optical el- 
ement and the semiconductor chip is scarcely deterio- 
rated even in case the flatness of the semiconductor wa- 
fer, maintained highly precisely by suction of the rear 
surface to a jig, is worsened when the suction is termi- 
nated. Even in the recent trend of increase in the diam- 
eter of the semiconductor wafer, such configuration al- 
lows to easily obtain a high production yield. 
[0097] Such sealing with the adhesive 105 allows to 
prevent deterioration of the microlenses or the filter layer 
or electroerosion of the aluminum layer resulting from 
dust intrusion or humidity in the air. Such sealing is even 
more effective since it is executed in the semiconductor 
manufacturing process. 

(Embodiment 2) 

[0098] In the following there will be explained the im- 
age pickup module of the embodiment 2 of the present 
invention, with reference to Figs. 12 to 14. Fig. 12 is a 
schematic cross-sectional view of an image pickup 
module of the embodiment 2 of the present invention, 
Fig. 13Aisa plan view of the lower substrate constituting 
the optical element of the image pickup module of the 
embodiment 2 of the present invention, Fig. 13B is a 
plan view of the upper substrate constituting the semi- 
conductor chip of the image pickup module of the em- 
bodiment 2 of the present invention, and Fig. 14 is a plan 
view of the semiconductor wafer in adhering the optical 
element assembly and the semiconductor wafer in the 



manufacturing process of the the image pickup module 
of the embodiment 2 of the present invention. 
[0099] Fig. 12 shows a sealant 120 constituting the 
adhesive and adhesive 122 formed for sealing an aper- 
ture 400, and Figs. 13A and 13B show an aperture 400 
so provided that the sealant 120 does not completely 
surround the photosensor array 300. 
[0100] Components equivalent to those explained in 
the foregoing are represented by like numbers and will 
not be explained further. 

[0101] The present embodiment is different from the 
first embodiment in that the adhesive in adhering the op- 
tical element 107 and the semiconductor chip 104 has 
a shape suitable for improving the imaging performance 
and also obtaining high precision in the alignment of the 
optical element 107 and the semiconductor chip 104. 
[0102] More specifically, in a pressing step for adher- 
ing the optical element 107 and the semiconductor chip 
104, a certain pattern of the sealant 120 allows the gas, 
enclosed in an area surrounded by the semiconductor 
chip 104, the optical element 107 and the sealant 120, 
to escape through an aperture 400 whereby the internal 
pressure does not increase. 

[0103] Consequently there can be avoided undesira- 
ble repulsive force applied to the optical element 107 or 
gradual movement of the sealant 120 by the viscous na- 
ture thereof from the internal side to the external side 
along with the pressure increase in the interior, whereby 
the alignment of the optical element 107 and the semi- 
conductor chip 104 can be advantageously achieved in 
more precise manner. 

[0104] More specifically, the effect of the gap, without 
being filled with the resin, between the optical element 
107 and the semiconductor chip 104 already explained 
in the foregoing first embodiment can be exploited more 
strongly. 

[0105] The adhesive is not limited to the sealant 120 
but may also be composed of ultraviolet settable resin. 
The present embodiment employs epoxy resin which is 
thermal-ultraviolet settable resin and also functions as 
a sealant. 

[0106] After the sealant 120 is completely hardened 
by ultraviolet irradiation from the front side of the semi- 
conductor chip 1 04, the aperture 400 of the sealant 1 20 
is closed with adhesive 122. The adhesive 122 is pref- 
erably composed of thermal-ultraviolet settable resin, 
and, in the present embodiment, of epoxy resin same 
as the sealant 120. The adhesive 122 is also hardened 
by the ultraviolet irradiation from the front side of the 
semiconductor chip 104. 

[0107] The adhesives 120 and 122 may be suitably 
hardened not only by ultraviolet irradiation but also by 
heat. 

[0108] Therefore, as in the embodiment 1 , the trans- 
parent area 1021 is provided in order to limit the range 
of the light shielding diaphragm layer 103, thereby ena- 
bling hardening of the epoxy resin 122 by the ultraviolet 
irradiation from the front side of the semiconductor chip 
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104. It is therefore possible to arrange multiple image 
pickup modules in parallel manner and to simultaneous- 
ly execute the ultraviolet irradiation, thus achieving a 
significant advantage in cost. 

[01 09] Otherwise, as in the embodiment 1 , the optical 5 
element and the semiconductor chip may be adhered in 
a stage of the optical element assembly and the semi- 
conductor wafer prior to the cutting, as shown in Fig. 14. 
The configurations in Figs. 14 and 2C are different in the 
pattern of the adhesive, as explained in the foregoing. 10 
The adhesive 1 20 of the present embodiment is provid- 
ed with the aperture 400, so that, in pressing the optical 
element assembly onto the semiconductor wafer 110, 
the gas emerging from the aperture can escape to the 
exterior through the boundary lines 1 1 1 of the semicon- 1 5 
ductor chips, so that the undesirable repulsive force 
cannot be applied to the optical element assembly and 
the alignment with the semiconductor wafer 1 1 0 can be 
achieved with a high precision. Also there can naturally 
be obtained the advantages of the embodiment 1 . 20 

(Embodiment 3) 

[01 10] In the following there will be explained the im- 
age pickup module of an embodiment 3 of the present 25 
invention, with reference to Figs. 15 to 23. 
[0111] The present embodiment is different from the 
embodiment 2 in having an optimum configuration for 
achieving connection with the external electrical circuit 
through the surface electrode. 30 
[0112] Also there is shown an example in which the 
resin thickness is reduced on the dicing line in the dicing 
step for cutting the optical element-semiconductor wafer 
adjoined member into the image pickup modules. 
[01 13] Fig. 1 5A is a plan view showing the lower sub- 35 
strate of the image pickup module of the embodiment 3 
of the present invention, and Fig. 15B is a plan view of 
the semiconductor chip of the image pickup module of 
the embodiment 3. 

[0114] Figs. 15A and 15B show electrode pads 132 40 
of the semiconductor chip 104. 
[0115] Components equivalent to those explained in 
the foregoing are represented by like numbers and will 
not be explained further. 

[0116] Two chain lines between Figs. 15A and 15B 45 
indicate the positional relationship between the lower 
substrate 102 and the semiconductor chip 104 in the 
present image pickup module, and indicate that the low- 
er substrate 102 and the semiconductor chip 104 are 
fixed in a state displaced by a certain distance in the 50 
lateral direction of the drawings. The lower substrate 
102 and the semiconductor chip 104 preferably have a 
same external dimension because of each of the man- 
ufacturing process. 

[0117] As shown in Fig. 15B, the connection with the 55 
external electrical circuit is to be made by electrode pads 
132 formed in an upward open position which there is 
no sealant on its above of an end portion of the semi- 



conductor chip 104, and the sealant 120 is positioned 
inside the electrode pads 132. Also for enabling ultravi- 
olet irradiation on the thermal-ultraviolet settable resin 
constituting the sealant 1 20 formed on the semiconduc- 
tor chip 104 as in the embodiment 1, the light shielding 
diaphragm layer 103 of the lower substrate 102 is 
formed inside the sealant 120, and the transparent area 
1021 is positioned directly above the sealant 120. 
[01 18] Figs. 1 6 and 1 7 illustrate a lower substrate and 
a semiconductor wafer, satisfying such positional rela- 
tionship, in a stage prior to cutting. 
[01 19] Fig. 1 6 is a plan view of a lower substrate as- 
sembly in the manufacturing process of the image pick- 
up module of the embodiment 3 of the present invention, 
and Fig. 17 is a plan view of a semiconductor wafer in 
the manufacturing process of the image pickup module 
of the embodiment 3 of the present invention. 
[0120] In the present embodiment, the upper sub- 
strate assembly is adhered after the lower substrate as- 
sembly and the semiconductor wafer are adhered. In 
such process, the ultraviolet light for irradiating the seal- 
ant 120 can reach the same only after passing through 
the lower substrate 1 02, whereby the light absorption in 
the substrate can be reduced. Consequently the ultra- 
violet settable resin can be hardened with a lower light 
amount and with a shorter time, whereby the manufac- 
turing process can be shortened. 
[0121] The adhering step of the lower substrate as- 
sembly 114 and the semiconductor wafer 110 is similar 
to that in the embodiment 1. 

[01 22] The adhesive may have the pattern of the seal- 
ant 105 in the embodiment 1 , but, in the present embod- 
iment, assumes the pattern of the sealant 120 explained 
in the embodiment 2. 

[0123] Fig. 18 is a plan view of the upper substrate 
assembly in the manufacturing process of the image 
pickup module of the embodiment 3 of the present in- 
vention. It is fixed onto the lower substrate assembly 1 1 8 
to form the optical element assembly. 
[0124] In Fig. 18 there are shown dicing lines 142 (ver- 
tical ones only). 

[0125] Fig. 19 is a schematic cross-sectional view 
along a line 19-19 in Fig. 18. The dicing line 142 is 
formed by locally reducing the thickness of resin 141 
formed on the glass substrate 140. The dicing mark may 
also be formed by a replica method simultaneous with 
the formation of the convex lens 100, thereby reducing 
the manufacturing steps. The dicing mark may be a 
groove formed for example by etching on the lower sub- 
strate assembly 114 or the upper substrate assembly 
117, or a metal mark formed by photolithography, or a 
protruding portion of resin formed by a replica method. 
[0126] Since the resin is merely made thinner at the 
dicing line 142 but is not interrupted, the convex lens 
100 can be easily formed also by injection molding, by 
setting the molding gate at the end portion of the upper 
substrate assembly 117. The upper substrate assembly 
117 is fixed to the lower substrate assembly 114 after 
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precise alignment with the semiconductor wafer 133. 
[0127] In the following there will be explained the dic- 
ing step for separating thus prepared optical element- 
semiconductor wafer adjoined member into the image 
pickup modules. 5 
[0128] Fig. 20 is a schematic cross-sectional view 
showing the dicing step for the optical element-semicon- 
ductor wafer adjoined member in the manufacturing 
process for the image pickup module of the embodiment 
3 of the present invention. 10 
[0129] In Fig. 20, there are shown an optical element- 
semiconductor wafer adjoined member 138 formed by 
adhering the upper substrate assembly 117, lower sub- 
strate assembly 114 and semiconductor wafer 110, a 
dicing blade 1 36 for dicing the optical element assembly 15 
119 composed of the upper substrate assembly 1 1 7 and 
the lower substrate assembly 114, and a dicing blade 
137 for dicing the semiconductor wafer 110. 
[0130] In the present embodiment, the dicing is exe- 
cuted from the upper and lower faces of the optical ele- 20 
ment-semiconductor wafer adjoined member 138. In the 
dicing operation, dicing blades 1 36, 1 37 may be control- 
led along the position shown in Fig. 20, under cooling 
with cooling water. 

[0131] In the dicing operation, the dicing may be ex- 25 
ecuted by advancing the optica! element-semiconductor 
wafer adjoined member 138 or by simultaneous dicing 
of the adjoined member with plural dicing blades. Also 
the dicing may be executed on each of the upper and 
lower faces at a time or on both faces at the same time. 30 
[01 32] In the dicing operation, since the resin 1 41 con- 
stituting the dicing line 142 is made sufficiently thin, the 
resin 141 is almost prevented from deposition onto the 
lens by fusion by frictional heat with the dicing blade or 
by forming fine fragments or carbon particles, thereby 35 
being prevented from deteriorating the quality of the im- 
age pickup module. 

[0133] In this dicing step, there is executed half-cut 
dicing in which the semiconductor wafer 110 and the 
lower substrate assembly 114 are left uncut by a thick- *o 
ness of 50 to 100 urn. In a breaking step succeeding to 
the dicing step, the uncut portion of 50 to 100 u.m in the 
semiconductor wafer 133 is broken with predetermined 
rollers. 

[0134] Fig. 21 is a plan view of the image pickup mod- 45 
ule of the embodiment 3 of the present invention, and 
Fig. 22 is a schematic cross-sectional view of the image 
pickup module shown in Fig. 21 , along a line 22-22 
therein. 

[0135] The semiconductor chip 104 extends to the 50 
rear of the upper substrate 1 01 , and the electrode pads 
132 are positioned in such rear position. In the present 
embodiment, the optical element 107, consisting of the 
upper substrate 107 and the lower substrate 102, and 
the semiconductor chip 104 are adhered or fixed in a 55 
state mutually displaced in a direction by a predeter- 
mined amount. 

[0136] Fig. 23 is a schematic cross-sectional view 



showing the connection state with the external electrical 
circuit and the seal state of the image pickup module of 
the embodiment 3 of the present invention. 
[0137] Referring to Fig. 23, there are shown a flexible 
printed circuit board 146 constituting an external elec- 
trical circuit board, a bonding wire 147 for electrically 
connecting the electrode pad 132 of the image pickup 
module 154 with an electrode pad (not shown) of the 
flexible printed circuit board 146, and thermal-ultraviolet 
settable resin 148 for sealing the periphery of the elec- 
trode pad and the bonding wire 147. 
The thermal-ultraviolet settable resin 148 is coated over 
the entire periphery of the image pickup module 1 54, in 
order to achieve secure mounting of the flexible printed 
circuit board 146 onto the image pickup module 154. 
The thermal-ultraviolet settable resin is selected be- 
cause sufficient heating for hardening the thermally set- 
table epoxy resin may deteriorate the unrepresented 
color filters formed on the semiconductor wafer 133, 
replica portion, microlenses or printed paint of the light 
shielding diaphragm layer 103. 
[0138] For hardening the thermal-ultraviolet settable 
resin 148, there is principally executed ultraviolet irradi- 
ation from above the upper substrate 140. In order to 
avoid erosion of the electrode pads 132 of the semicon- 
ductor chip 140, the close contact between the lateral 
face of the lower substrate 1 02 and the thermal-ultravi- 
olet settable resin 148 is extremely important. 
[0139] In case the range of the light shielding dia- 
phragm layer 1 03 is not limited to the interior of the seal- 
ant 120, the ultraviolet light reaches the sealing portion 
of the lower substrate 1 02 through the layer of the ther- 
mal-ultraviolet settable resin 148, so that such portion 
hardens latest. In the present image pickup module, 
however, since the range of the light shielding dia- 
phragm layer 103 is limited to the interior of the sealant 
120, there is secured an optical path for the ultraviolet 
light to the sealing portion of the lower substrate 102 as 
indicated by an arrow E and such optical path allows to 
achieve secure hardening and sealing of the thermal- 
ultraviolet settable resin 148 without going through the 
layer thereof. Also an optical path indicated by an arrow 
F provides high mounting stability to the flexible printed 
circuit board 146. 

[0140] As explained in the foregoing, the sealing with 
the sealant 1 20 and the thermal-ultraviolet settable resin 
148 allows to securely prevent deterioration of the mic- 
rolenses or the filter layer and electroerosion of the alu- 
minum layer, resulting from the dust intrusion or by the 
humidity in the air. Also the electrical connection from 
the surface electrode to the external electrical circuit by 
the bonding wire enables manufacture at a low cost, 
without requiring an ITO film or a penetrating metal 
member. The configuration of the present embodiment 
is applicable also to the electrical connection not em- 
ploying the bonding wire but utilizing a TAB film. 
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(Embodiment 4) 

[0141] In the following there will be explained an em- 
bodiment 4 of the present invention, with reference to 
Figs. 24 and 25. 5 
[0142] The present embodiment is different from the 
embodiments 1 to 3 in that the optical element is pro- 
vided with a recess in such a manner that the resin does 
not protrude from the surface. 
[0143] Fig. 24 is a schematic cross-sectional view 
showing an ultraviolet irradiating step to the optical ele- 
ment-semiconductor wafer adjoined member in the 
manufacturing process for the image pickup module of 
the embodiment 4 of the present invention. 
[0144] Referring to Fig. 24, there are shown a semi- 
conductor wafer 163 bearing plural semiconductor 
chips, an adhesive layer 1 65, an optical element assem- 
bly 160 having a convex face formed on the bottom of 
each of plural recesses and to be cut off into an optical 
element to be mounted on an image pickup module, and 
a resin layer 168 for filling and planarizing the recesses 
of the optical element assembly 1 68. The resin layer 1 68 
has a refractive index lower than that of the optical ele- 
ment assembly 160 to perform the function of a convex 
lens 161, wherein the interface constitutes a imaging 
unit. Since the optical element assembly 160 is 
planarized by the resin layer 168, such planarized por- 
tion may be utilized for easy mounting of the image pick- 
up module to a supporting member. There is also shown 
a penetrating metal member 1 64 which penetrates the 
semiconductor chip for forming a rear electrode and 
serves to achieve electrical connection with the external 
electrical circuit by such rear electrode. 
[0145] Components equivalent to those explained in 
the foregoing are represented by like numbers and will 
not be explained further. 

[0146] The optical element assembly 160 is com- 
posed for example of glass. The adhesive layer 1 65 may 
be so formed as to surround the photosensor array of 
the semiconductor chip as in the foregoing embodi- 
ments 1 and 2, but it may also be formed on the entire 
surface of the semiconductor chip. In such case, how- 
ever, the adhesive layer 165 is preferably formed ex- 
cluding the dicing position. 

[0147] The semiconductor wafer 1 63 is provided with 
plural electrical circuits which are to be later cut off into 
the individual semiconductor chips and each of which is 
provided with a photosensor array. The imaging unit 
consisting of the optical element assembly 160 and the 
resin layer 168 has such an optical path length capable 
of forming an object image on the semiconductor wafer 
1 63, and the pitch of such imaging units is equal to the 
pitch of the semiconductor chips formed on the semi- 
conductor wafer 163. 

[0148] The principal steps for completing the image 
pickup module are, as in the foregoing embodiments, a 
known step of forming the circuit pattern on the semi- 
conductor wafer 163, a step of forming the lens on the 



optical element assembly 160, a step of alignment and 
adhesion of the semiconductor wafer 163 and the opti- 
cal element assembly 160, and a dicing step. 
[0149] In the alignment-adhesion step, at first the 
space between the semiconductor wafer 163 and the 
optical element assembly 160 is filled by the adhesive 
layer 165 of the thermal-ultraviolet settable epoxy resin 
without forming an air layer therein to set the gap be- 
tween the optical element assembly 160 and the semi- 
conductor wafer 163 in such a manner that the object 
image can be sharply formed. Though there is known 
adhesive of a type settable by heating, the adhesive of 
thermal/ultraviolet settable type is selected because 
sufficient heating for hardening the thermally settable 
epoxy resin may deteriorate the unrepresented color fil- 
ters or the resin layer formed on the semiconductor wa- 
fer 163. 

[0150] Then diffuse ultraviolet irradiation is executed 
as indicated by an arrow G in Fig. 24 to harden the epoxy 
resin of the adhesive layer 1 65 thereby fixing the semi- 
conductor wafer 163 and the optical element assembly 
160. In case of parallel light irradiation, the irradiating 
light converges to a point on the optical axis by the fo- 
cusing function of the imaging unit, but, in case of the 
diffuse irradiation employed in the present embodiment, 
the ultraviolet light reaches the entire adhesive layer 1 65 
positioned below the imaging unit whereby the adhesive 
layer 165 can be hardened sufficiently. 
[0151] In a succeeding dicing step, the cutting is ex- 
ecuted by full dicing along the boundary lines 1 66 shown 
in Fig. 24. Each cut piece functions as an image pickup 
module by connection to the external electrical circuit. 
Since the optical element assembly 1 60 is provided with 
a recess in such a manner that the resin does not pro- 
trude from the surface and that the resin is excluded 
from the passing position of the dicing blade, the resin 
can be prevented from depositing on the lens surface 
by fusion induced by the friction with the dicing blade or 
by forming fine particles or carbon particles whereby the 
image pickup module can be prevented from deteriora- 
tion in quality. 

[0152] Fig. 25 is a schematic cross-sectional view of 
the image pickup module of the embodiment 4 of the 
present invention. 

[0153] In Fig. 25, there are shown a semiconductor 
chip 173, an adhesive layer 165, and an optical element 
170 cut off from the optical element assembly. 
[0154] In the present embodiment, the sealing with 
the adhesive layer 165 allows to securely prevent dete- 
rioration of the filter layer or electroerosion of the alumi- 
num layerof the semiconductor chip 173, resulting from 
the dust intrusion or by the humidity in the air. Such seal- 
ing is even more effective since it is executed in the 
stage of semiconductor wafer. It is also possible to sig- 
nificantly reduce the number of the adjusting steps since 
the alignment with the optical elements can be achieved 
at a time in the stage of semiconductor wafer. 
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(Embodiment 5) 

[0155] Fig. 26A is a plan view of an image pickup mod- 
ule of the embodiment 5 of the present invention, Fig. 
26B is a schematic cross-sectional view along a line 
26B-26B in Fig. 26A, and Fig. 26C is a plan view of a 
semiconductor chip constituting the image pickup mod- 
ule of the embodiment 5 of the present invention. 
[0156] Referring to Figs. 26A and 26B, there are 
shown an infrared cut-off filter 560, a translucent plate- 
shaped member 550, a light shielding diaphragm layer 
506 formed by a light shielding member for example by 
offset printing on the upper face of the translucent plate- 
shaped member across the infrared cut-off filter 550, an 
infrared cut-off filter 512, and a stereoscopic optical el- 
ement including a light shielding diaphragm layer 506 
and stereoscopic lenses consisting of convex lenses 
601 , 603 and unrepresented convex lenses 602, 604 
and serving as a imaging unit. The convex lenses 602, 
604 are not illustrated in Fig. 26B but are coaxial with 
diaphragm apertures to be explained later. There are al- 
so shown a semiconductor chip 503 bearing two-dimen- 
sionally arranged pixels (not shown) including photo- 
sensors, a spacer 522 for defining the distance between 
the stereoscopic optical element 512 and the semicon- 
ductor chip 503, ultraviolet settable resin 509 for adher- 
ing the stereoscopic optical element 512 and the semi- 
conductor chip 503 across the spacer 522, diaphragm 
apertures 811, 812, 813, 814 formed on the upper sur- 
face of the stereoscopic optical element 512 but not 
bearing the light shielding diaphragm layer 506, elec- 
trode pads 513 serving as external terminals, a light 
shielding portion 508 formed in a space surrounded by 
the stereoscopic optical element 512, spacer 522 and 
semiconductor chip 503 for avoiding optical crosstalk of 
the four convex lenses, a microlens 516 for improving 
the light condensing efficiency of each photosensor, 
photosensor arrays 821, 822, 823, 824 formed in plural 
units in two-dimensional manner on the semiconductor 
chip 503, an AD conversion circuit 512 for converting 
the output signals of the photosensor arrays 821 , 822, 
823, 824 into digital signals, and a timing generator 515 
for generating a timing signal for the photoelectric con- 
verting operation for the photosensor arrays 821 , 822, 
823, 824. 

[01 57] In the image pickup module of the present em- 
bodiment, the stereoscopic optical element 512 and the 
semiconductor chip 503 are integrated to dispense with 
the sensor package or the lens barrel. 
[0158] As in other embodiments, the object light en- 
tering the stereoscopic optical element 512 from above 
in Fig. 26B forms plural object images the semiconduc- 
tor chip 503, and each photosensor therein executes 
photoelectric conversion. 

[0159] The convex lenses 811 to 814 are resinous 
Fresnel convex lenses formed on the lower face of the 
stereoscopic optical element 51 2 formed for example by 
a replica process. In addition to the replica process, it is 



also possible to form the convex lenses with a resinous 
material by injection molding or compression molding 
together with the substrate. The convex lenses 601 , 
602, 603, 604 are axially symmetrical aspherical or 

5 spherical Fresnel convex lenses of circular shape, ca- 
pable of satisfactorily correcting in particular the curva- 
ture of image plane in comparison with the ordinary op- 
tical system employing continuous surface. 
[0160] On the upper face of the translucent plate- 

10 shaped member 550 there are provided a light shielding 
diaphragm layer 506 and an infrared cut-off filter 560. 
The infrared cut-off filter 560 can be composed of an 
infrared cut-off filter utilizing light interference in dielec- 
tric multiple layers and formed by evaporation on the en- 

15 tire surface of the translucent plate-shaped member 
550, and the light shielding diaphragm layer 506 can be 
formed thereon. Such process does not require a mask 
at the evaporation and is therefore advantageous in 
cost. The infrared cut-off filter is formed if necessary and 

20 may also be dispensed with. A thinner image pickup 
module can be obtained in the absence of the infrared 
cut-off filter. 

[0161] In the present embodiment, as in the foregoing 
embodiments, the external shape of the light shielding 

25 diaphragm layer 506 is limited in an island-like shape 
for the purpose of hardening the ultraviolet settable resin 
constituting the adhesive 509 to be explained later. In 
the present embodiment, the adhesive 509 is composed 
of epoxy resin which serves as a sealant of a pre-con- 

30 trolled thickness and is thermal-ultraviolet settable res- 
in. 

[0162] The position of the diaphragm apertures 811, 
812, 813, 814 in the axial direction determines the off- 
axis principal ray of the optical system, and is extremely 

35 important in controlling various aberrations. In the imag- 
ing unit consisting of a Fresnel lens convex to the image 
side, the diaphragm is advantageously positioned in the 
vicinity of the center of a spherical plane approximating 
the Fresnel lens surface in order to satisfactorily correct 

40 the aberrations. Consequently, as shown in Fig. 26A, 
four circular diaphragm apertures 81 1 , 81 2, 81 3, 1 84 are 
formed on the upper face of the stereoscopic optical el- 
ement 512. 

[0163] On the semiconductor chip 503, the stereo- 
45 scopic optical element 512 forms four object images, 
which are subjected to photoelectric conversion by the 
four photosensor arrays 821 , 822, 823, 824 provided on 
the semiconductor chip 503 and are captured as elec- 
trical signals. Each photosensor is provided with a mic- 
50 rolens 516 for improving the light condensing efficiency. 
The four photosensor arrays are respectively provided 
with a green (G) transmitting filter, a red (R) transmitting 
filter, a blue (B) transmitting filter and a green (G) trans- 
mitting filter to obtain four images which are color sep- 
55 arated in three primary colors. 

[0164] The distance between the semiconductor chip 
503 and the stereoscopic optical element 512 is deter- 
mined by the sum of the thickness of the spacer 522 and 
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that of the adhesive 509 positioned thereon and consist- 
ing of the thermal-ultraviolet settable epoxy resin. The 
spacer 522 is formed by adhering a member of resin, 
glass, silicon etc. to the semiconductor chip. For fixing 
the spacer 522 to the semiconductor chip 503, there 
may be applied an adhering step in producing a SOI (sil- 
icon on insulator) substrate. 

[0165] Also in adhering the stereoscopic optical ele- 
ment 51 2 and the spacer 522, the thickness of the seal- 
ant 509 can be adjusted to execute fine adjustment of 
the gap between the stereoscopic optical element 512 
and the semiconductor chip 503. Such adhesion step is 
executed in the stage of semiconductor wafer. 
[0166] On the semiconductor chip 503, the stereo- 
scopic optical element 512 forms four object images of 
RGBG colors, which are subjected to photoelectric con- 
version by the four photosensor arrays 821, 822, 823, 
824 provided on the semiconductor chip 503 and are 
captured as electrical signals. Each photosensor is pro- 
vided with a microlens 516 for improving the light con- 
densing efficiency whereby the image pickup module 
can easily capture the image of even an object of a low 
luminance. 

[01 67] Also the microlenses 51 6 are eccentrically po- 
sitioned with respect to the photosensors of the semi- 
conductor chip 503, and the amount of such eccentricity 
is zero at the center of each photosensor array 821 , 822, 
823 or 824 but becomes larger toward the peripheral 
portion thereof. The direction of eccentricity is along a 
line connecting the center of each photosensor array 
and each phtosensor. 

[01 68] Fig. 27 is a magnified schematic cross-section- 
al view of a region Z in Fig. 26C, for explaining the func- 
tion resulting from the eccentric positioning of the mic- 
rolens 51 6. A microlens 51 61 is eccentrically positioned 
in the upper direction in the direction with respect to a 
photosensor 8211, while a microlens 5162 is eccentri- 
cally positioned in the lower direction with respect to a 
photosensor 8222. As a result, the light beam entering 
the photosensor 8211 is limited to a hatched area 8231 , 
while the light beam entering thephotosensor 8222 is 
limited to a hatched area 8232. 
[0169] The light beam areas 8231 , 8232 are inclined 
in respectively opposite directions, and are respectively 
directed toward the diaphragm apertures 811 , 812. Con- 
sequently, by suitably selecting the amount of eccentric- 
ity of the microlenses 516, each photosensor array only 
receives the light beam emerging from a specified dia- 
phragm aperture. More specifically, the amount of ec- 
centricity can be so selected that the object light passing 
through the diaphragm aperture 811 is photoelectrical ly 
converted principally in the photosensor array 821, the 
object light passing through the diaphragm aperture 812 
is photoelectrically converted principally in the photo- 
sensor array 822, the object light passing through the 
diaphragm aperture 813 is photoelectrically converted 
principally in the photosensor array 823 and the object 
light passing through the diaphragm aperture 814 is 



photoelectrically converted principally in the photosen- 
sor array 824. 

[0170] In the following there will be explained the po- 
sitional relationship between the object image and the 

5 image pickup area and the positional relationship of the 
pixels when projected on the object. 
[0171] Fig. 28 is a view showing the positional rela- 
tionship between the object image formed by the stere- 
oscopic lenses and the image pickup area in the image 

10 pickup module of the embodiment 5 of the present in- 
vention, and Fig. 29 is a view showing the positional re- 
lationship of the pixels when the image pickup area 
shown in Fig. 28 is projected. 
[0172] In Fig. 28, there are shown four photosensor 

15 arrays 321, 322, 323, 324 of the semiconductor chip 
503. For the purpose of simplicity, each of the photosen- 
sor arrays 321 , 322, 323, 324 is composed of 8 x 6 pix- 
els. The photosensor arrays 321 , 324 output the G im- 
age signal, while the photosensor array 322 outputs the 

20 R image signal, and the photosensor array 323 outputs 
the B image signal. The pixels in the photosensor arrays 
321 , 324 are indicated by white rectangles, while those 
in the photosensor array 322 are represented by 
hatched rectangules, and those in the photosensor ar- 

25 ray 323 are indicated by black rectangles. 

[0173] Between the photosensor arrays, there are 
formed separating belts of a dimension of a pixel in the 
horizontal direction and three pixels in the vertical direc- 
tion. Consequently, the distance between the centers of 

30 the photosensor arrays outputting the G images is same 
in the horizontal and vertical directions. There are also 
shown object images 351, 352, 353, 354. For the pur- 
pose of pixel displacement, the centers 361 , 362, 363, 
364 of the object images 351 , 352, 353, 354 are respec- 

35 tively offset by 1/4 of a pixel from the centeres of the 
photosensor arrays 321 , 322, 323, 324 toward the cent- 
er 320 of the entire photosensor arrays. 
[0174] Fig. 29 shows the photosensor arrays inverse- 
ly projected onto a plane at a predetermined distance at 

40 the object side. Also on the object side, the inversely 
projected images of the pixels in the photosensor arrays 
321 , 324 are represented by white rectangles 371 , while 
those of the pixels in the photosensor array 322 are rep- 
resented by hatched rectangles 372, and those of the 

45 pixels in the photosensor array 323 are represented by 
black rectangles 373. 

[01 75] The inversely projected images of the centers 
361 , 362, 363, 364 of the object images mutually coin- 
cide at a point 360, and the pixels of the photosensor 

50 arrays 321, 322, 323, 324 are inversely projected in 
such a manner that the centers thereof do not mutually 
overlap. Since the white rectangles output the G image 
signal while the hatched rectangles output the R image 
signal and the black rectangles output the B image sig- 

55 nal, so that, on the object, there is executed sampling 
equivalent to that in an image pickup element having the 
color filters of Bayer arrangement. 
[0176] In the comparison with an image pickup sys- 
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tern utilizing a single image pickup lens, for a given pixel 
pitch in the solid-state image pickup element, the sys- 
tem of the present embodiment provides an object im- 
age of a size of 1/V4 in comparison with the Bayer ar- 
rangement having the RGBG color filters for a set of 2 
x 2 pixels on the semiconductor chip 503. Accordingly, 
the focal length of the image pickup lens is reduced to 
about 1W4 = 1/2, thus extremely advantageous for re- 
ducing the camera thickness. 
[0177] In the following there will be explained the 
method for producing the image pickup module of the 
present embodiment. The optical element and the sem- 
iconductor chip are adjoined in a stage of the stereo- 
scopic optical element assembly and the semiconductor 
wafer prior to the cutting, and a spacer assembly is pro- 
vided between the stereoscopic optical element assem- 
bly and the semiconductor wafer. 
[0178] Fig. 30 is a plan view of an assembly of the 
spacer to be mounted in the image pickup module of the 
embodiment 5 of the present invention. Fig. 30 shows 
a spacer assembly 90.1 which is to be later divided along 
a division line 903 for use in two image pickup modules 
and which is provided with plural apertures 902 for guid- 
ing the light beams from the optical element to the pho- 
tosensors on the semiconductor chip. An optical ele- 
ment assembly to be adhered and fixed on the spacer 
assembly 901 also integrally includes optical compo- 
nents for two image pickup modules as will be explained 
later. The pitch of these components is same as the pitch 
of the semiconductor chips formed on the semiconduc- 
tor wafer to be explained in the following. The spacer 
522 and the semiconductor chip 503 are adhered by 
thermosetting resin. A pattern 509 shown in Fig. 26C is 
formed by screen printing such thermosetting epoxy 
resin. 

[0179] Fig. 31 is a plan view of a semiconductor wafer 
in the manufacturing process for the image pickup mod- 
ule of the present invention, wherein a semiconductor 
wafer 910 bearing the photosensor array 912 and an 
electrical circuit in plural units is separated by cutting 
along the outer periphery of the boundary line 911 , and 
each cut piece functions as the semiconductor chip up- 
on being connected with the external electrical circuit. 
Arrows J indicate the position and moving direction of 
the dicing blade in a later dicing step. 
[0180] The spacer assembly 901 is adhered to the 
semiconductor wafer 910 by thermosetting resin 931 
(corresponding to the sealant 509 in Fig. 26C) as ex- 
plained in the foregoing. Fig. 31 illustrates only one 
spacer assembly 901 . 

[0181] Fig. 32 is a plan view showing a step of adher- 
ing the spacer assembly to the semiconductor wafer in 
the manufacturing process for the image pickup module 
of the embodiment 5 of the present invention. Since the 
spacer does not require precise positional adjustment 
as in the optical element, it is also possible to individually 
provide each semiconductor chip with a spacer instead 
of utilizing a spacer assembly. 



[01 82] When the spacer assembly 901 is adhered on- 
to the semiconductor wafer 910 as shown in Fig. 32, the 
optical element assembly 917 is further adhered there- 
on. In this operation, the convex lenses 601, 602, 603, 
5 604 and the photosensor arrays 912 are aligned in a 
predetermined positional relationship, and in such a 
manner that the boundary line 911 of the semiconductor 
chip 91 2 and the optical element assembly 91 7 are shift- 
ed in the diagonal direction. Such arrangement enables 
10 connection of the surface electrode to the external elec- 
trical circuit with the bonding wire. Fig. 32 illustrates an 
optical element assembly 917 only. 
[0183] The semiconductor wafer, being crystalline, 
generally has anisotropy in electrical, optical, mechani- 
cs cal and chemical properties. Therefore the drawn ingot 
is sliced after highly precise measurement of the orien- 
tation by a method utilizing X-ray diffraction. Prior to the 
slicing operation, a linear portion, called orientation flat 
and indicating the crystalline orientation, is formed on 
20 the cylindrical ingot. The semiconductor wafer 910 
shown in Fig. 31 is provided with such orientation flat 
909. 

[0184] In the preparation step of the semiconductor 
wafer 91 0, the semiconductor element patterns such as 

25 the photosensor array 91 2 are formed with reference to 
the orientation flat 909. On the other hand, on the optical 
element assembly 917, a reference pattern is formed 
also on the stereoscopic optical element assembly 917 
and is used for the alignment with the orientation flat 

30 1 09, thereby enabling extremely precise alignment. Be- 
sides, such method provides an extremely important ad- 
vantage that a single alignment of the stereoscopic op- 
tical element assembly 917 and the semiconductor wa- 
fer 91 0 completes the alignment on all the image pickup 

35 modules to be formed by the cutting in a later step. 
[0185] The adhesive (sealant) 509 shown in Fig. 26B 
and composed of thermal/ultraviolet settable epoxy res- 
in is used for adhering the stereoscopic optical element 
assembly 91 7. Epoxy resin is suitable for this application 

40 because it shows slow hardening without unevenness 
in the contraction at the hardening and shows relaxation 
of the stress. Though there is known epoxy resin setta- 
ble by heating, the epoxy resin of thermal/ultraviolet set- 
table type is adopted because sufficient heating for 

45 hardening the thermally settable epoxy resin may dete- 
riorate the microleses, replica portion or printed paint of 
the light shielding diaphragm layer 506 formed on the 
semiconductor wafer 910. 

[0186] The adhesion step is executed, as shown in 
50 Fig. 32, by coating the epoxy resin (509 in Fig. 26B) on 
the plural spacer assemblies 901 adhered onto the sem- 
iconductor wafer 910, then half hardening the epoxy res- 
in with ultraviolet irradiation, then executing pressing to 
form a predetermined gap, then executing complete 
55 hardening by applying some heat, and adjusting the gap 
between the optical element assembly 91 7 and the sem- 
iconductor wafer 910 in such a manner that the object 
image is sharply formed on the photosensor array 912. 
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[0187] In such operation, by forming an infrared cut- 
off filter of spectral transmission characteristics capable 
of transmitting the ultraviolet light (of a wavelength re- 
gion of about 300 to 700 nm) around the light shielding 
diaphragm layer 506 in the stereoscopic optical element 5 
512 as shown in Fig. 33, the epoxy resin can be easily 
and securely hardened by the ultraviolet irradiation from 
the front side of the semiconductor wafer. The fixation 
by adhesion in the stage of the semiconductor wafer 
may also provide an effect of preventing a deviated blur 10 
in the optical image. 

[0188] Fig. 34 is a plan view showing a step in which 
the stereoscopic optical element assembly, prior to the 
cutting thereof into the individual stereoscopic optical el- 
ements, and the semiconductor wafer are adhered in 15 
the manufacturing process of the image pickup module 
of the embodiment 5 of the present invention. The ster- 
eoscopic optical element assembly 917 is not provided 
with the optical elements of a number same as that of 
the semiconductor chips formed on the semiconductor 20 
wafer. The optical element assembly 917 shown in Fig. 
34 is provided with two sets of convex lenses while the 
semiconductor wafer 910 is provided thereon with 11 
stereoscopic optical element assemblies 917, and the 
succeeding dicing step cuts each into two stereoscopic 25 
optical elements to finally obtain 22 image pickup ele- 
ments. Each stereoscopic optical element assembly is 
advantageously selected at a maximum size that can be 
accommodated within the effective exposure size of the 
stepper, thereby maximizing the number of the image 30 
pickup modules that can be produced from a wafer and 
thus reducing the cost. 

[0189] By forming the stereoscopic optical elements 
on the stereoscopic optical element assembly 917 in a 
number smaller than that of the semiconductor chips 35 
formed on the semiconductor wafer 910 and forming a 
certain gap between the stereoscopic optical element 
assemblies, the positional relationship between the op- 
tical element and the semiconductor chip is scarcely de- 
teriorated even in case the flatness of the semiconduc- 40 
tor wafer, maintained highly precisely by suction of the 
rear surface to a jig, is worsened when the suction is 
terminated. Even in the recent trend of increase in the 
diameter of the semi conductor wafer, such configuration 
allows to easily obtain a high production yield. 45 
[0190] After the fixation of the semiconductor wafer 
910, the spacer assembly 901 and the stereoscopic op- 
tical element assembly 917, the obtained optical ele- 
ment-semiconductor wafer adjoined member is subject- 
ed to a dicing step for cutting such adjoined member into 50 
individual image pickup modules. 
[0191] In the dicing step, there can be employed a cut- 
ting apparatus or a laser working apparatus disclosed 
in the Japanese Patent Application Laid-open No. 
11-345785 or No. 2000-061 677 as explained in the fore- 55 
going. In case of cutting operation with a dicing blade 
as explained in the Japanese Patent Application Laid- 
open No. 1 1 -345785, the dicing blade is controlled along 



arrows J shown in Fig. 34, under cooling with cooling 
water, to cut the semiconductor wafer 91 0 only from the 
rear surface thereof. 

[0192] Then the dicing blade is controlled along ar- 
rows K shown in Fig. 34 to cut the stereoscopic optical 
element only from the front surface of the stereoscopic 
optical element assembly. In such operation, there is uti- 
lized a dicing mark which can be a groove formed by 
etching on the metal element assembly 917, a metal 
mark formed by photolithography or a resinous protru- 
sion formed by a replica process. In particular, the si- 
multaneous replica formation of such mark with the lens 
constituting the imaging unit allows to reduce the man- 
ufacturing steps. 

[0193] Since the adhesive layers for adhering the 
semiconductor wafer 91 0 and the spacer assembly 901 
and adhering the spacer assembly 901 and the optical 
element assembly 917 are so formed as to exclude the 
dicing position, the epoxy resin is prevented from de- 
positing on the lens surface by fusion by the friction with 
the dicing blade or by forming fine fragments or carbon 
particles, whereby the image pickup module can be pre- 
vented from deterioration in quality. 
[0194] Fig. 35 is a schematic cross-sectional view 
showing a step of dicing the semiconductor wafer with 
the dicing blade, in the manufacturing process of the im- 
age pickup module of the embodiment 5 of the present 
invention. In this step, the dicing blade 523 rotates in 
such a direction L as to press the semiconductor wafer 
910 prior to the separation into the respective semicon- 
ductor chips 503, but, if a resin layer connected to the 
convex lenses 601 , 602, 603, 604 is present on the dic- 
ing lines, the dicing blade applies a force to such resin 
layer in such a direction as to peel it from the glass sub- 
strate of the stereoscopic optical element 512 thereby 
deteriorating the facial precision of the convex lenses 
601,602, 603, 604. 

[0195] In the present embodiment, since the resin is 
excluded from the passing position of the dicing blade, 
the undesirable force is not applied to the convex lenses 
601 , 602, 603, 604 and such drawback is not generated. 
Also the resin is prevented from depositing on the lens 
surface by fusion by the friction with the dicing blade or 
by forming fine fragments or carbon particles, so that 
the image pickup module can be prevented from dete- 
rioration in quality. 

[0196] Through the cutting in the aforementioned 
steps, there is obtained the image pickup module of the 
present invention shown in Figs. 26A and 26B. 
[0197] Fig. 36 is a schematic cross-sectional view 
showing the connection state with the external electrical 
circuit and the sealing state of the image pickup module 
of the embodiments of the present invention. In Fig. 36, 
there are shown a multi-layer printed circuit board 517 
constituting an external electric circuit board, a bonding 
wire 520 for electrically connecting an unrepresented 
electrode pad 513 and an electrode pad on the multi- 
layer printed circuit board 517, and thermal/ultraviolet 
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settable resin 521 for sealing the periphery of the elec- 
trode pad 513 and the bonding wire 520. The thermal- 
ultraviolet settable resin 520 is coated over the entire 
periphery of the image pickup module 511 for achieving 
mounting stability of the image pickup module to the 5 
multi-layer printed circuit board 517. 
[0198] In the present embodiment, the sealing with 
the adhesive 509 and the separate thermal-ultraviolet 
settable resin 521 allows to securely prevent the dete- 
rioration of the microlenses 516 or the filter layer or the 
electroerosion of the aluminum layer resulting from the 
dust intrusion or the humidity in the air. Such sealing is 
even more effective since it can be achieved in the sem- 
iconductor preparing process. Also the electrical con- 
nection from the surface electrode to the external elec- 
trical circuit by the bonding wire enables manufacture at 
a low cost, without requiring an ITO film or a penetrating 
metal member. The configuration of the present embod- 
iment is applicable also to the electrical connection not 
employing the bonding wire but utilizing a TAB film. 
[0199] Also the present embodiment enables simul- 
taneous alignment with the optical elements in the stage 
of the semiconductor wafer, without the active assembly 
of the imaging lens and the semiconductor chip for each 
image pickup module in the step of combining the im- 
aging lens and the semiconductor chip, thereby allowing 
to significantly reduce the number of the adjusting steps. 

(Embodiment 6) 

[0200] In the following there will be explained the im- 
age pickup module of an embodiment 6 of the present 
invention, with reference to Figs. 37 to 39. As in the em- 
bodiment 1 , the optical element and the semiconductor 
chip are adjoined in the stage of the optical element as- 
sembly and the semiconductor wafer, prior to the sepa- 
ration into the respective optical element and the semi- 
conductor chip. The optical element assembly is a single 
large-sized translucent plate-shaped member. 
[0201] Fig. 37 is a schematic cross-sectional view of 
the image pickup module of the embodiment 6 of the 
present invention, Fig. 38 is a schematic cross-sectional 
view showing an ultraviolet irradiation step to the optical 
element-semiconductor wafer adjoined member in the 
manufacturing process of the image pickup module of 
the embodiment 6, and Fig. 39 is a plan view of the op- 
tical element assembly constituting the image pickup 
module of the embodiment 6. 
[0202] In Fig. 37, there are shown an adhesive layer 
165, a distributed refractive index lens 161 constituting 
the imaging unit, a circular light shielding diaphragm lay- 
er 162 formed by offset printing of light shielding paint 
on the upper face of the optical element assembly 1 60, 
and a diaphragm aperture 1 67 formed in the light shield- 
ing diaphragm layer 162. The semiconductor wafer 163 
is provided with the electrical circuit and the photosen- 
sor array in plural units and is to be cut off in a later step 
into the respective semiconductor chips 173. The dis- 



tributed refractive index lenses 1 61 have such an optical 
path length as to form object images on the semicon- 
ductor wafer 163, and have a pitch equal to that of the 
semiconductor chips formed on the semiconductor wa- 
fer. 

[0203] Components equivalent to those explained in 
the foregoing are represented by like numbers and will 
not be explained further. 

[0204] In the present embodiment, as shown in Fig. 
39, a circular light shielding diaphragm layer 162 is 
formed by printing light shielding paint for example by 
offset printing on the upper face of the optical element 
assembly 160. Since the adhesive 165 of the present 
embodiment is composed of ultraviolet settable resin, 
the light shielding layer 162 is limited in an island-shape 
in order to enable ultraviolet irradiation of the adhesive 
165 from the front side of the image pickup module. In 
case the adhesive 165 is composed for example of a 
sheet member or thermosetting resin and does not re- 
quire ultraviolet irradiation, the light shielding diaphragm 
layer need not be limited in such island shape. 
[0205] The present embodiment is different from the 
embodiment 5 in that the imaging unit is composed of a 
distributed refractive index lens integral with the optical 
element of the image pickup module. The distributed re- 
fractive index lens is a lens having axially symmetrical 
distribution of refractive index and showing a higher re- 
fractive index closer to the diaphragm aperture 1 67, and 
can be regarded equivalent to a planoconvex lens. Such 
lens can be produced by ion exchanging of glass or by 
impregnation of a resin layer with resin of different re- 
fractive index as disclosed in the Japanese Patent Ap- 
plication Laid-open No. 11-142611. The optical element, 
assembly 160 is preferably composed of borosilicate 
glass in consideration of stability against temperature 
change, because of a small difference in the linear dil- 
atation coefficient from the semiconductor wafer. Also 
in order to prevent the ct-ray induced defect in the sem- 
iconductor wafer, there is preferably employed optical 
glass of a low surfacial a-ray density. Also in order to 
attain infrared cut-off function, an infrared absorbing el- 
ement such as copper ions may be contained in the con- 
stituting materials. 

[0206] The position of the diaphragm aperture 1 67 in 
the axial direction determines the off-axis principal ray 
of the optical system and is extremely important in con- 
trolling various aberrations, in case of a lens including 
a distributed refractive index layer convex to the object 
side, the aberrations can be satisfactorily corrected by 
placing the diaphragm at the side of the light entrance 
face. Thus, a circular diaphragm aperture 167 coaxial 
with the distributed refractive index lens 161 is formed 
by the light shielding layer 162 on the optical element 
assembly 160. 

[0207] The principal steps for completing the image 
pickup module are, as in the foregoing embodiments, a 
step of alignment and adhesion of the semiconductor 
wafer 163 and the optical element assembly 160, and 
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dicing and breaking steps. 

[0208] In the alignment-adhesion step, at first the 
space between the semiconductor wafer 163 and the 
optical element assembly 160 is filled by the adhesive 
layer 1 65 of the thermal-ultraviolet settable epoxy resin 5 
without forming an air layer therein to set the gap be- 
tween the optical element assembly 1 60 and the semi- 
conductor wafer 163 in such a manner that the object 
image can be sharply formed. Though there is known 
adhesive of a type settable by heating, the adhesive of 
thermal/ultraviolet settable type is selected because 
sufficient heating for hardening the thermally settable 
epoxy resin may deteriorate the unrepresented color fil- 
ters, replica portion or printed paint of the light shielding 
diaphragm layer 162, formed on the semiconductor wa- 
fer 163. 

[0209] Then diffuse ultraviolet irradiation is executed 
as indicated by an arrow G in Fig. 38 to harden the epoxy 
resin of the adhesive layer 165, thereby fixing the sem- 
iconductor wafer 163 and the optical element assembly 
160. In this operation, the ultraviolet light reaches the 
adhesive layer 165 through the transparent area (non- 
printed area of the light shielding layer 1 62 in the optical 
element) of the optical element assembly 160. Besides, 
since there is employed diffuse irradiation, the ultraviolet 
light also reaches the adhesive layer 1 65 positioned be- 
low the light shielding diaphragm layer 1 62 whereby the 
entire adhesive layer 165 can be hardened sufficiently. 
[0210] In a succeeding dicing step, half-cut dicing is 
executed along the boundary lines 166 shown in Fig. 
38. In a breaking step succeeding to the dicing step, the 
uncut portion of 50 to 1 00 urn in the semiconductor wafer 
163 or the optical element assembly 160 is broken with 
predetermined rollers. Thereafter each cut piece can 
function as the image pickup module by connection to 
the external electrical circuit. 

[0211] Such sealing with the adhesive 165 allows to 
prevent deterioration of the filter layer or electroerosion 
of the aluminum layer resulting from dust intrusion or 
humidity in the air. Such sealing is even more effective 
since it is executed in the semiconductor manufacturing 
process. Also the number of the adjusting steps can be 
significantly reduced since the alignment with the optical 
elements can be achieved at a time in the stage of the 
semiconductor wafer. 

(Embodiment 7) 

[0212] Figs. 40A and 40B to 46 illustrate a stereo- 
scopic image pickup module of an embodiment 7, ap- 
plicable to a distance measuring apparatus or a color 
image pickup module. 

[0213] Fig. 40A is a plan view of the image pickup 
module of the embodiment 7 of the present invention; 
Fig. 40B is a schematic cross-sectional view along a line 
40B-40B in Fig. 40A; Fig. 41 is a plan view of a lower 
substrate of the image pickup module of the embodi- 
ment 7; Fig. 42 is a plan view of a semiconductor chip 



of the image pickup module of the embodiment 7; Fig. 
43 is a magnified schematic cross-sectional view of a 
region z in Fig. 42 for showing the function of the mic- 
rolenses in the image pickup module of the embodiment 
7; Fig. 44 is a view showing the positional relationship 
between the photosensor array of the semiconductor 
chip and the object image in the image pickup module 
of the embodiment 7; Fig. 45 is a view showing the func- 
tion of the photosensor array in the image pickup mod- 
ule of the embodiment 7; and Fig. 46 is a schematic 
cross-sectional view showing the connection with the 
external electrical circuit and the sealing state of the im- 
age pickup module of the embodiment 7. 
[0214] In Figs. 40A and 40B, there are shown an up- 
per substrate 501 of the optical element 512, a lower 
substrate 502 thereof, a distributed refractive index lens 
1611 constituting a second lens formed on the lower 
substrate 502 for the light passing through a diaphragm 
aperture 811, a distributed refractive index lens 1613 
constituting a second lens formed on the lower substrate 
502 for the light passing through a diaphragm aperture 
813, a bead 510 for defining the thickness of the adhe- 
sive 509, and an optical element 512 constituted by the 
upper substrate 501 and the lower substrate 502. 
[0215] Components equivalent to those explained in 
the foregoing are represented by like numbers and will 
not be explained further. 

[0216] The present embodiment is different from the 
embodiment 5 in that the components constituting the 
optical element 51 2 include the upper substrate in which 
convex lenses 801 , 802, 803, 804 are formed as the first 
lenses and the lower substrate 502 in which distributed 
refractive index lenses 1611, 1613 are formed. There 
are shown diaphragm apertures 811, 813. Though not 
illustrated, diaphragm apertures 812, 184 are naturally 
present respectively under the convex lenses 802, 804. 
[0217] Therefore, the image pickup module of the 
present embodiment includes a first stereoscopic lens 
formed by plural first lenses, and a second stereoscopic 
lens formed by plural second lenses. 
[021 8] In the present embodiment, the second lenses 
are composed of distributed refractive index lenses, but 
they may also be composed of ordinary spherical or as- 
pherical lenses as in the first lenses. 
[0219] The object light entering the optical element 
512 from above in Fig. 40B forms plural object images 
on the semiconductor chip 503, and is subjected to pho- 
toelectric conversion by the photosensors therein. 
[0220] The upper substrate 401 is formed by adding, 
to a flat glass substrate, a resinous Fresnel lens formed 
by replica process. The distance between the lens and 
the photosensor array on the semiconductor chip is ren- 
dered dependent on the thickness of the replica layer, 
and the error in the thickness of the upper and lower 
substrate glasses is absorbed by the thickness in the 
replica layer. It is also possible to form the lens portion 
integrally with the substrate for example by glass mold- 
ing in case the lens is composed of glass, or by injection 
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